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FONTAINEBLEAU LIMESTONE 


An unequalled assortment of groups and single crystals from the 
well-known locality above mentioned. A large stock was secured 
through our Paris house, an advance shipment of which has just 
reached us. They’re too well known to need special description, and 
present prices will tend to make them even moreso. Crystals, 25c. 
per dozen to 75c. each. Groups for cabinet purposes 50c. to $2.00. 


MENILITE - 


Also from France, representing an important variety of Opal. Sold 
“in cabinet specimens at 50c. each, or for educational purposes at 50c. 
per pound. Quartz after Gypsum in curious rosette-like crystalliza- 
tions, from Paris. Interesting specimens when considered individually, 
but more particularly so when associated with the rare Lutécite—an 


oxide of silicon—50c. to $4.00. 


CANADA ZIRCON 


Twins and simple crystals of unusual lustre and perfection. Nota 
large lot and not even large crystals, but their — is almost 
- gemmy. Neatly trimmed with firm bases, 50c. to $2.00. 


NADORITE 


Nearly 50 typical specimens of this rare lead and antimony com- 
pound, many crystallized in the thin tabular habit characteristic of the 
species. Senarmontite and Valentinite, also Algerian minerals con- 
taining antimony are well represented and reasonably priced. Cabinet 
specimens from 50c. to $4.00. 


CERUSSITE, SARDINIA 


Clusters of columnar and acicular crystallizations, in fine reticulated 
masses of snow white and gray, sometimes on a brown limonite gangue. 
Beautiful specimens undoubtedly, but delicate and liable to fracture, 
unless mounted in our new glass-cover black boxes. They serve not 
only for protection, but as articles adding to the effectiveness of ‘a 
drawer’s display. Cabinet specimens so mounted—50c. to $8.50. 

Kermesite, Green Anglesite, Senarmontite, Valentinite, etc., etc., 
from the same locality. 


OTHER NOTEWORTHY ARRIVALS. 


Tetrahedrite, Hungary. A few neat cabinet specimens and one large 
group of particularly brilliant crystals at $17.50. 

Bornite, argentiferous. from Tasmania. Beautifully iridescent and 
rich in silver. Typical examples 50c. each. 

Covellite, Montana. Fine masses 2 by 8 to 6 by 8, wondrously 
lustrous, and of remarkable quality. $2.00 per pound. 

Cut Stones. Gem material recently secured yielded fine green, 
white, and pink. Tourmalines, Golden Beryl, Aquamarine, Chrysoberyl 
(Cats-eye), Spessartite, Peridot, Hiddenite, Garnets various, and Opals 
in abundance. Prices the lowest. 

‘‘Twistem” crystal holders, fully nickeled, strong and of neat pat- 
tern. Holds the mineral securely and displays to the best advantage 
all crystal faces. Packed 12 in a box, 50c. per dozen. 


FOOTE Min CO.. 
FORMERLY DR. A. E, FOOTE, 
WARREN M. FOOTE, Manager. 
ESTABLISHED 1876. 


PHILADELPHIA, PARIS, 
1817 Arch Street. 24 Rue du Champ de Mars. 
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AMERICAN JOURNAL OF SCIENCE 


[FOURTH SERIES.] 


Art. VII.— Apparent Hysteresis in Torsional Mugnetostric- 
tion, and its relation to Viscosity ; by C. Barus. 


1. In the present paper I shall describe a series of phe- 
nomena bearing on the permanence of torsional magnetostriction 
in iron and nickel magnetized by circular and by longitudinal 
fields, which have been encountered in different ways by 
others, but which appear here not only with greater clearness 


and in a more elementary form, but in a manner indicating a 
certain uniformity in the behavior of all metals. The phe- 
nomena are evoked by purely magnetic action. They are 
obtained by twisting the wire alternately back and forth over 
a definite -angle within the elastic limits and examining the 
change of rigidity produced by cireular or by longitudinal 
magnetization immediately after each new twist and after 
several repetitions of the magnetizations. The first magneti- 
zation succeeding any twist operates on the magnetic configu- 
rations surviving from the preceding twist and magnetizations ; 
the remaining magnetizations (current alternately made and 
broken) for the same twist operate on the new configurations 
produced by the twist in question and the first magnetization 
applied to it. The results are very different as the following 
observations show. The former are viscous (temporary), the 
latter elastic (permanent) in character. 

To explain the phenomena I shall make use of Maxwell’s 
theory of viscosity in which (as I have ventured to interpret 
it) any deformation due to molecular instability is a viscous 
deformation. Now when the breakdown is gradual in char- 
acter, which it must be if dependent on temporary local inten- 
sities in the distribution of heat motion, the deformation will 
be gradual as actually observed in ordinary viscous phenomena. 
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If, however, the breakdown is instantaneous, due for instance 
to the molecular shake-up accompanying magnetization or its 
withdrawal, then viscosity is instantaneously a minimum, the 
deformation sudden and the phenomenon “static.” There 
seems to be no theoretical gap here. 

2. The method of work is the same as that employed in 
preceding experiments.* The two identical wires to be 
- compared, ab, cd, are fastened coaxially one above the other 
and a mirror, m, is attached between them. The top and the 

bottom of the system are soldered to cor- 

responding torsion heads, J), Z, and the 

bhp wires are insulated from each other at the 

| mirror. The lower wire is kept submerged 

in a tube of flowing water, ww, and the 

meanst are at hand for passing an electric 

current through it without interfering 

with the torsional adjustment. Hence the 

lower wire is under the influence of a cir- 

cular magnetic field and thermal discrep- 

ancies are reduced toa minimum. Again 

a helix, A.A, is placed around the tube for 

a longitudinal field the water bath being 
retained. 

As the two identical wires make a single 


2 system any degree of twist may be locked 
A up in it and the change dn of rigidity n 

due to the magnetic field is dn/n = d6/0, 
f nearly, where @ is the twist imparted and 


of the field and observed at the mirror. 

In describing the experiments Z will 
denote the length of each wire in centims., 
D their common diameter in centims., C the current passed 
either through the lower wire or through the helix in amperes. 

3. The effect to be observed expresses itself in a shifting of 
the fiducial zero, i. e., the position of the spot of light on the 
scale when the magnetic field is nil. The amount of deflec- 
tion obtained in the first and second magnetizations therefore 
differs because the zero is markedly changed and in the case of 
a circular field always in such a way as to diminish the deflec- 
tion; in longitudinal fields on the contrary, in a way to 
increase the deflection. 

* This Journal, [4] x, pp. 407-418, 1900. 

+The vanes v v dipping in the salt solution contained in an annular trough (not 
shown), deaden vibrations and carry off the electric current for the circular field, 
entering at Z. The weight W suitably stretches the system with the aid of a 
slot adjustment in the torsion head £. 


aj w  @@ the change of twist due to the action 
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In figure 1 for example (to begin with the cireular fields) a 
nickel wire (L= 41, D =-05, C= 4) is twisted +45° and 
—45° alternately, as shown by the abscissas. The deflections 
observed are given by the ordinates in the order shown by the 
arrows. The two observations recorded at each twist corre- 
spond respectively to the first and the second (or succeeding) 
magnetizations. The deflection of the former is always the 
larger. The initial deflections or changes of rigidity due to 
circular magnetization lie along a line, a, the succeeding deflec- 
tions along a line, }, of smaller slope. The fiducial zero in 
the successive twists suffers displacements due to the circular 
magnetization alone and would be represented by a zigzag line 
as will be more definitely instanced below. 


—I 


If the deflections are studied between three successive twists 
the result is even more striking as seen for example in figure 2, 
for twists successively 0°, —45°, 0°, +45°, 0°. The lines for 
initial and final deflections might again be drawn but they 
would confuse the figure. The displacement of the zero is 
such as to indicate two successive displacements in the same 
direction. 

The phenomena are independent of the direction of the cur- 
rent and a larger angle of twist does not magnify them in an 
easily discernable way. 

The nickel wire being relatively thick and the current 
closed but a short time, no attention was paid to the heat pro- 
duced in the wire by the current. In the following experi- 
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ments with a thinner wire of iron, this was kept submerged in 
the tube of flowing water specified. The residual diminutions 
of rigidity given by the line 4 in figure 1 may, therefore, be 
of thermal origin. 

4, The decrement of rigidity due to the effect of circular 
magnetization on a submerged iron wire (L =-41, D = -024, 
C = 8) is so nearly like the above results for nickel, that a few 
sample curves will suftice to introduce the subject. The 
diameter being relatively small larger twists are admissible as 
lying well within the elastic limits. 

In figure 3 the twists are alternately +180° and —180°, 
though the observations begin and end with zero. The arrows 
are a sufficient guide as to the sequence of results. The lines 


as 


a and 6 show the decrement of rigidity due to the initial and 
subsequent circular magnetizations for each twist. In figure 4 
three twists are successively applied. Lines corresponding to 
the initial and final magnetizations are omitted. An inspec- 
tion of all the figures shows that the displacements of the zero 
due to twisting between two angles a and —a, is less than the 
aggregated displacements due to twisting from a to 0° and 0° 
to —a, under otherwise identical conditions. We have here 
also the key to certain results in a previous paper in which 
increasing positive twists return with larger positive displace- 
ments and increasing (absolutely) negative twists return with 
increasing negative displacements. 


WCET 
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The curves given correspond to mean currents. The scale 
of the phenomenon increases with the strength of the current. 
For 1 ampere, figure 5, the decrements of rigidity due to the 
initial magnetizations line aa are still of marked value; the 
subsequent effects (line 6d) lie within the errors of observation. 
For 6°5 amperes all decrements have been greatly magnified as 
seen in figure 6. 

Finding that a more systematic series of results would facili- 
tate the discussion below, I have added figures 3’ to 6’, for the 
same sample of (submerged) wire and a circular field (current 
6°5 amperes), and for twists increasing from 45° to. 360°, 
applied to each wire. These were 35 centims. long and 024 
centims. in diameter. The cycles were many times repeated 
as the figures show at once. The striking feature of all these 
experiments is the remarkable constancy (for the same wire 
and current) of the slopes of the cycles, i. e., of lines connect- 
ing the means of initial and subsequent deflections. This 
slope shows no certain variation between 45° and 360° of 
twist. The marked contrast between the temporary slopes, @, 
due to the first magnetization and the permanent slopes, }, due 
to the ensuing magnetizations is sustained. All slopes are 
negative. 

The displacements of the fiducial zeros or slips observed at 
the end of the cycles do not increase as fast as the twists. 
They show their chief increase between 45° and 90°. To 
better exhibit the displacement of the zero I have given the 
successive scale readings in the zigzag curves c, attached to 
each figure. The position of the spot is marked off vertically 
to scale, and the successive observations are charted at equal 
distances apart horizontally, for distinction, and joined by 
straight lines. The field is alternately made and broken begin- 
ning with no field. When the sign of the deflection (positive, 
up) and that of the twist (given by the attached sign) agree, 
rigidity is increased. The curves show that rigidity is dimin- 
ished on closing the current and increased on breaking it. 
Moreover, after the first closing, the diminution of rigidity is 
enormously greater than on subsequently closing the current 
for the same twist. This is particularly true for small twists. 

5. The endeavor must now be made to elucidate these phe- 
nomena. With regard to the relatively small decrement of 
rigidity obtained in the circular magnetizations succeeding the 
first (i. e., the permanent decrements), I have already shown 
(Il. ¢.) that they may be reproduced in brass wire by the same 
means; and until specially refined experiments are made, they 
may be regarded as the mere result of the accession of heat. 
The phenomena are thermal and elastic in their nature. So 
much, therefore, for the slopes of the lines, d. 
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The interesting feature of the experiments are thus the 
lines, a, together with the corresponding displacements of the 
tiducial zeros given by the zigzags, c. These phenomena can- 
not be reproduced in brass* stressed within the elastic limits. 
Hence I infer that they are viscous in character and due to the 
breakdown of unstable magnetic configurations (in Maxwell’s 
view) resulting from the new magnetization. For although 
the viscosity of a magnetic wire and of a non-magnetic wire 
are identical, the period of breakdown which follows the first 
magnetization must be rich in unstable configurations and, 
therefore, temporarily low in viscosity. I conclude, therefore, 
that the displacement of the zero is due to the molecular 
instability which accompanies the act of magnetization when 
first applied ; that in subsequent magnetizations the molecular 
disturbance is less because the configurational effect of the first 
magnetization is largely permanent. Fixed configurations are 
merely deflected in their elements without being bruken up 
anew. Further discussion would be of little value because of 
the heat discrepancy, occurring in spite of the submergence.t+ 
The essential data are to be incorporated with the remarks 
made for longitudinal fields. 

6. After these results it seemed necessary to reconsider in 
detail the corresponding phenomena in a longitudinal field 
since here the heat discrepancy can be quite eliminated. This 
was done with the same precautions. the helix was supplied 
with currents of about 2, 4, and 8 amperes, respectively, evok- 
ing longitudinal fields of roughly 200, 400, and 800 c. g. s. 
units. The identical annealed iron wires were each of about 
35 centims, long and -024°™ in diameter. They were insulated 
from each other so that a current could be passed through the 
lower alone, which was submerged in flowing water while the 
upper wire was suspended freely in air. Both wires were 
stretched in the same vertical line. Of. figure above. 

But one observation was made with the weak field for C= 2 
amperes, as shown in figure 7, the twists being alternately +90° 
and —90°. The interesting features are the directions a and d, 
corresponding respectively to the first and subsequent magne- 
tizations, and, therefore, to the temporary and the persistent 
effects. Both are increments while in the above cases of cir- 
cular magnetism they were decrements. The displacement of 
the zero, however, here and above has the same direction and 
corresponds to diminished viscosity (high molecular instability) 


*T also tested the effect of a current on a submerged brass wire stressed a 
little beyond the elastic limits. The results showed that whereas the rigidity is 
decidedly modified by the presence of a current, the viscosity of the wire is not 
noticeably different in the two cases. The effects are due to heat. 

+ See preceding paper in this Journal, IV, x, p. 417, 1900. 
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of the magnetized wire in the initial magnetization. As this 
is the important result I will again record the successive scale 
readings as shown by the zigzag lines c, with the subscript 
referring to the figure. It is not necessary to give more than 
four observations for each twist since all subsequent elonga- 
tions are like the second in magnitude. For the first and 
third points the field is off, for the second and fourth it is on. 


AV PV AV 


\ 


If the twist be positive (shown by the attached sign), an 
increased scale reading denotes increased rigidity of the mag- 
netized wire, and vice versa. 

It is preferable to discuss these results in connection with 
figures 8-11, for a larger field (C=4 amperes) and _ twists 
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respectively between 45°, 90°, 180°, and 360° both sides of 0°. 
In figure 8 the line aa shows that the initial magnetization has 
produced a decided decrement of rigidity; line 5d that the 
persistent effect of longitudinal magnetization is an increment 
of rigidity. The series of zigzags c (except the first which is 
reached from zero or no apparent strain) bear this out very 
fully. The first magnetization produces a deflection in a 
direction opposite to the acting stress. On breaking the cur- 
rent this deflection is increased (rigidity further diminished). 
The second and subsequent magnetizations increase rigidity 
but the original reading is not again reached. 

Figure 9 for twists between +90° and —90° is similarly 
explained. The original magnetizations are indecisive, some- 
times corresponding to increase sometimes to decrease of 
rigidity. On the whole the initial slopes, aa, are nil. Slopes 
bb correspond to marked increase of rigidity as usual. Full 
account is given by the zigzags c. 

Figures 10 and 11 apply for twists between +180° and 
— 180°, and between +360° and —360°, respectively. Both the 
initial and the subsequent magnetizations produce marked 
increments of rigidity, as shown by the lines aa and dé for 
each case and by the lines ¢. The scale of the phenomenon 
increases as the limits of twisting increase. The displacements, 
however, do not increase ; in other words the vertical breadth 
of the cycles is not much greater for 360° than for 45°. 
There appears to be a pronounced tendency for the displace- 
ments to pass through maxima of slip for intermediate angles. 
Finally, so far as can be discerned the slopes of the cycles are 
the same throughout, rather an unexpected result. This 
means that the mean increments of rigidity are proportional to 
the twists, caet. par. 

Repetitions of the experiments with the same sample of 
wire and small angles reproduced the original results as shown 
for instance in figures 12 and 13. 

In view of the small effects produced in fields for C=2, and 
C=4 amperes, respectively, it seemed advisable to investigate 
the effect of further doubling the strength of the longitudinal 
field. The data are given on the same plan as in §6, in figures 
14, 15, 16, 17. The displacements (vertical width of the 
cycles) have remained about as large as before and tend to 

ass through a maximum for intermediate angles of twist. 

he slopes of the cycles have definitely increased, so that for 
mean values, rigidity increases proportional to twist at a faster 
rate in stronger fields. 

A rough summary of the principal data will be in place 
here. 


$7 
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TABLE I.—Magnetostriction of soft iron in longitudinal fields. 


Current 
Field. Twist. Slope a. Slope b. Cycle slope. Displacement. 
2 amp. +90° +0°5 +60 +3°0 +5°5 

200 

4 amp. +45 —3°0 +6°0 +1°5 

400 90 —1°0 3°0 6°0 
180 +1°0 5°0 3°0 7°5 
360 +2°0 3°5 2°5 5°0 

4 amp. 45 —2°0 6°0 20 4°0 

400 90 —1°0 2 7 


8 amp. —2°0 
800 90 —O0°5 6°5 3°0 7°0 
180 +2°0 4°0 6°0 
360 +3°0 4°0 3°5 4°0 

Length, 35°. Diam., 024™, Deflections in scale parts (-001 

radian or ‘057°) per 90° of twist of each wire. 


| 


Hence with increasing twist the temporary deflection a and 
the permanent deflection 4 make respectively from large nega- 
tive and from large positive values toward the same interme- 
diate positive limit, which is larger for the larger field. The 
slopes of the cycles pass from small values rapidly into con- 
stant values as twist increases but they probably also pass 
through maxima as above. Finally the displacement of the 
zero for increasing twist marches through a definite maximum 
located at small angles of twist when the field is greater. : 

8. To obtain further relevant data it will next be necessary 
to twist between three angles, the middle one being zero and 


| 
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Twist. 
+90° 
180 
360 


TaBLe III.—Magnetostriction of soft iron in longitudinal fields. 
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the others equidistant from it. These results are shown in 
figures 18, 19, 20, the field corresponding to C=8 amperes. 
Soft iron wire (Z=35™, D=-024™) was here used as above. 

In figure 18 for instance, beginning with the twist —90°, 
the wire is magnetized twice, giving the temporary and the 
permanent effect: then untwisted and again magnetized twice 
giving the two corresponding effects; next twisted +90° and 
magnetized twice as the figure shows ; finally untwisted again 
and magnetized twice, etc., for succeeding double cycles. In 
figure 19 the limits of twist are +180°; in figure 20, +360°. 

The general characteristic of these figures is the very large 
zero displacement, or rather the large return displacements. 
In other words, the slip phenomenon is much larger on remov- 
ing twist than on adding it, positively or negatively. The 
deflections are laid out on a larger scale for increasing twists 
and they are in general symmetrical. Temporary slopes a are 
usually negative and even at 360° not strongly positive. Per- 
manent slopes are positive and about of the above values. The 
following data may be given. When the lines @ and 6 are 
constructed either side of 0°, they are designated a’ and b’. 


Field 800 c.g. s. units 


Disp]. Displ. at Displ. 
Cycle at elonga- non-mag. 
a. b. slope. +a’. —a’, 0°. tion. at 0°. 
+63 +45 -—20 -—30 +60 +65 5 4°7 20 
30 42 —10 —1°0 53 55 5°5 5°2 
29 39 34 +05 80 80 10 4°0 


9. The next question at issue is the amount of displacement 
due to magnetization at the zero of twist, which may be pro- 
duced by merely twisting the wire to different angles and back 
again to zero, without magnetizing it when twisted. These 
results are also inserted in figures 18, 19, 20, and marked N, N’. 
They increase rapidly as the twist (without magnetization) 
increases. At 360° it makes little difference whether the 
twisted wire is magnetized or not, so far as the displacement at 
the zero of twist is concerned ; in all cases, however, magneti- 
zation at the elongation increases the slip at 0°. 

Finally a perfectly fresh wire was adjusted, twisted to 360° 
without magnetization and then freed from twist. The result 
(amount of displacement due to magnetization at the zero of 
twist) did not differ essentially from the figure. 

10. In conclusion a few words on the interpretation of the 
above phenomena may be added. The point of view taken has 
already been indicated in §1. In Maxwell’s sense any defor- 


Current, 8 amperes. 
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mation due to molecular instability is legitimately termed vis- 
cosity. 

The initial longitudinal magnetization of the wire does two 
things: it increases its rigidity (see preceding paper, |. ¢.) in 
marked degree, and it decreases its viscosity during the act of 
magnetization. The subsequent magnetization merely increases 

rigidity without the accompanying viscous effect. The phe- 
nomenon now becomes purely elastic. Thus the first magne- 
tization after any twist has been imparted is the one which 
reconstructs the magnetic configurations ; the subsequent mag- 
netizations (to refer to the mechanism of Ewing’s theory) 
merely deflect the set molecular magnets. 

It follows also that with each fresh twist molecular configu- 
rations are broken down. This is similar to what occurs in 
cases of the tempering of a glass-hard or hard drawn magnet. 
The prepondering amount of the magnetization is wiped out 
by the simultaneous decay of the hardness.* 

Finally, whenever a wire is strained certain groups of mole- 
cules lag behind the stress: they may be gradually disinte- 
grated by time (secular viscous deformation); more rapidly 
by rise of temperature (viscous deformation); or suddenly as 
in the present instances, by magnetization. It is not necessary 
to assume that the breakdown is identically the same even 
apart from time in all these instances. In other examples 
(tempering, etc.) whereas the decay of hardness wipes out 
magnetization, the decay of magnetization does not influence 
temper ; but such cases are easily interpreted. 

If we endeavor to follow the figures 7-11, 14-17, after the 
first magnetization, we encounter a case in which magnetically 
increased rigidity is to be imparted to a body of simultane- 
ously decreased viscosity. The wire momentarily contains 
groups of unstable molecules and is thus in a condition to 
yield to the mechanical stress (torque) to which it has been 
subjected. 

If now we consider the system of two wires and imagine 
these occurrences to be consecutive, the increment of rigidity 
would produce a deflection in the same direction as the twist, 
or work would be done by the magnetized wire upon the non- 
magnetic wire, against the existing torque. The yield of the 
wire due to the presence of unstable configurations would pro- 
duce a deflection in the opposite direction to that of the twist ; 
or work would be done by the non-magnetic wire upon the 
magnetized wire. After the first magnetization the greater of 
these effects will supervene. The result is uncertain as to 
sign. After subsequent magnetizations for the same twist the 


* Barus and Strouhal. Bull. U. S. Geolog. Survey, No. 14, p. 154-5, 1885; ef. 
Wied. Ann., xx, p. 662, 1883. 
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viscous effect has vanished and the result is simply increased 
rigidity in definite amount during the continuance of each 
magnetization. 

n figures 8, 9, and the corresponding figures 12, 13, 14, 15 
(cf. the zigzag curves c), i. e., at low strains, 45° and 90°, the 
viscous effect preponderates. On first making the current 
after a fresh twist, rigidity is decreased ; on breaking it rigidity 
is further decreased by a greater amount; on again making 
the current rigidity is increased definitely and the same occurs 
after all subsequent magnetizations. 

In figures 10, 11, and 16, 17, the increased rigidity pre- 
ponderates after the first magnetization. There is increased 
rigidity on first making the current, a numerically larger 
decrement on breaking, and thereafter definite increments of 
rigidity during the continuance of each subsequent making of 
the magnetizing current. Thus it follows that the magnetic 
increment of rigidity increases and decreases faster than the 
coexisting decrement of viscosity due to the first magnetiza- 
tion. 

So understood, moreover, the observed hysteresis is a mechan- 
ical phenomenon and the magnetization acts as does ordinarily 
heat in producing the instabilities essential to viscous deforma- 
tion. The molecular shake-up due to magnetic action is 
erg instantaneous, whereas the heat motion within the 

ody is gradual in its action: hence the kaleidoscopic dis- 
placement of molecules in the one case seemingly without 
resistance, and the viscous displacement of molecules in the 
thermal case (seemingly with resistance). Again the displace- 
ment of the zero if due to viscosity should under like circum- 
stances be of about the same order both in the cases of 
longitudinal and of circular magnetization (aside from the heat 
effect in the latter, which makes it larger). A comparison of 
figures 3’ to 6’, with the subsequent figures 7 to 17 show dis- 
placements of about the same order for both. 

11. Simpler in its nature is the evidence contained in figures 
18-20, for the displacement of the zero after the first mag- 
netization. If the wire is twisted to say 360° and back again 
_to zero, the resulting strain does not correspond to the zero of 
stress. Certain configurations lag behind in the direction of 
the twist which has last acted. The first magnetization, how- 
ever, produces the necessary molecular shake-up to bring the 
strain back again to zero in correspondence with the stress. 
Hence tle.subsequent magnetizations produce no deflection 
since the wire is without twist. Residual strain has been 
wiped out. 

igures 18-20 show that the residual strain when stress is 
zero, increases with the preéxisting stress, being greater at 
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360° than at 90°, for instance. This is the natural explanation 
of the greater displacement corresponding to the greater stress 
and of the change of sign of the displacement with the pre- 
existing stress. Again the residual effect at zero is greater if 
the twist has been accompanied by magnetization before 
removal. Of. WV, WV’. Combined magnetization and twist 
(say at 360°, for instance) correspond to a greater value of 
stress in the absence of magnetization ; for the magnetization 
wipes out the lagging or unstable configurations, bringing the 
strain at 360° in correspondence with the stress. 

Why, it may next be asked, is the displacement at zero after 
removal of twist 360°, greater than the displacement at 360°, 
for instance. We meet here, I think, the usual occurrence in 
viscous deformation.* For example, if a strained or hard 
metal is tempered at 100° C., it is then molecularly stable or 
shows no deformation or change of temper at temperatures 
below 100° or for smaller values of strain, even when the 
deformation at the original temperature (100°) and strain still 
continue. 

If the wire is twisted to 360° (say) not only is strain stored 
up in the wire, but at the same time-new instabilities are 
evoked by the process of twisting. When the stress is with- 
drawn or the wire untwisted to zero, instabilities are not 
encountered at nearly the same rate; for the preceding larger 
strain has wiped them out for the diminishing smaller strains. 
Hence the wire is less viscous when twisted and more viscous 
when untwisted for like stages or angles of twist. Now any 
twist no matter how small or within the elastic limits stores 
strain in the wire, which action possibly, is but another expres- 
sion for the configurations broken during the process. This, 
as I understand it, is the explanation of figures 18-20, in 
which the slip at zero following a reduced strain is so much 
larger than the slip at 360° following a growing strain. 

12. If the interpretation given be correct, then on shaking 
out a strain with longitudinal magnetization, the wire should be 
free from slip for circular magnetization ; and vice versa. This 
is the case as shown in figure 21, p. 100, where the successive 
scale readings are given (vertically) at equal intervals (abscissas) 
apart, the current being alternately made and broken begin- 
ning with no field. Z denotes a longitudinal field, C, a cireu- 
lar field if first in action; Z’ and C”, the corresponding fields 
if they succeed the action of other fields. The twist is alter- 
nately +180° and —180°. Mere inspection shows that from 
the cases Z’ and C’ slip has practically been wiped out. It is 
markedly present in cases I and C, the first deflection being 


*Barus and Strouhal, Bulletin U. S. Geolog. Survey, No. 14, p. 57, 1885; 
Wied. Ann., xi, p. 965, 1880. : 
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respectively about half as large for Z or twice as large for Cas 
the second deflections due to the making of the field. Figure 
21 also shows that if the residual strain or slip is wiped out for 
a longitudinal field it is also wiped out for a circular field. In 
cases J there is increase of rigidity and decrease of viscosity ; 
in cases C’ decrease of both rigidity and viscosity. The dif- 
ferential and summational results are well given in the figure. 
In cases Z’ and C”’ there is increase and decrease of rigidity 
only with no viscous effect. 

To sum up the argument it is briefly this: Magnetization is 
regarded as a means of shaking up the molecular mechanism 
and thus to produce temporary molecular instability or momen- 
tarily very low viscosity. Hence if mechanical strain has 
been stored up in the metal it will be instantly released and 
the metal will correspondingly yield to external stress. This 
view seems to give a good account of all the hysteresis-like 
phenomena met in torsional magnetostriction and makes it 
possible to describe the behavior of all paramagnetic metals in 
a single explanation. 

The one quantity by which the experiments seem to be 
characterized is the cyclic slope, or the mean slope determined 
by the temporary (viscous) and the permanent (elastic) deflec- 
tions, which increases (numerically) with the strength of the 
field and is nearly independent of the twist imparted, remem- 
bering that the remarks have no meaning beyond the elastic 
limits. It would seem, therefore, that in terms of this parameter 
the phenomena as a whole for any field or metal, may be sim- 
plified. Whether the slip constitutes a kind of molecular 
“back lash,” and whether there is any meaning to its obvious 
analogy to the action of a “coherer” cannot here be answered. 


Brown University, Providence, U. S. A. 
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Art. VIII.—Zhe Dinosaurian Genus Creosaurus, Marsh ; 
by S. W. WILLIsTon. 


THE genus Allosaurus was proposed by Marsh in this 
Journal for November, 1877, for the type species, 4. fragilis, 
from Colorado, presumably Caiion City. His description was 
as follows: “This genus may be distinguished from any known 
dinosaurs by the vertebrae, which are peculiarly modified to 
ensure lightness. Although apparently not pneumatic, they 
have the weight of the centra greatly reduced by deep excava- 
tions in their sides. Some of them have the centra hour-glass 
in form, the middle part being so diminished as to greatly 
reduce the strength. The vertebrae preserved are biconcave, 
with shallow cavities. The feet bones referred to this species 
are very slender. A lumbar vertebra has its centrum 105"™ 
in length, and 80" in least transverse diameter. An anterior 
caudal, 85™™ long, has its centrum so much constricted that its 
least transverse diameter is 38", while its anterior face is 90™™ 
in transverse diameter.” 

In the following March, Marsh described in this Journal the 

enus Creosaurus, based chiefly, if not entirely, upon a left 
ilium collected by the present writer at Como, Wyoming. It 
will be observed that at the time of the erection of the genus, 
very little was known of the distinctive characters of Allo- 
saurus, and, so far as the author of it knew there was no 
reason for referring the ilium and other bones there described 
to another genus—or at least Marsh gave no reason. In the 
following January number of this Journal, occurs the follow- 
ing passage by Marsh, which, taken in connection with subse- 
quent changes, is a little remarkable : 

“The genus Allosaurus is typical of the family { Ad/osaurida, 
later merged into Megalosauride] which also includes Creo- 
saurus- and Labrosaurus [Antrodemus Leidy|. The first 
named genus presents some very interesting features in the 
vertebree and pelvic arch. The vertebre first described are 
remarkable for: the reduction of the centrum by constriction, 
so that the necessary lightness is secured without cavities in 
the interior. This is shown in the lumbar vertebra repre- 
sented in Plate X, figs. 3 and 4.” 

From this it would certainly be inferred that the vertebra 
figured was a type specimen, especially as it agrees in size and 
form quite with the lumbar vertebra first described, and upon 
which the genus and species Allosawrus is practically 
rests. Ina later paper (this Journal, xvii, Pl. XIV), however, 
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this same vertebra, used to typify Allosaurus, is figured as 
Creosaurus. 

The interesting fact remains that the author of Creosaurus 
did not and apparently could not satisfactorily distinguish it 
from Adlosaurus, and the name has remained in catalogues 
and text-books as a sort of floating wreckage, that will neither 
sink nor be cast up. The few characters Marsh gave for 
Creosaurus, it is readily seen are of very slight value. The 
ilium, it is true, is of somewhat different shape, as figured, but 
even this difference may be due to imperfect preservation, as 
Marsh himself suspected. The only other things mentioned 
by Marsh is the number of vertebra in the sacrum, of very 
little value as already demonstrated in other genera of the 
Wealden dinosaurs; the position of the transverse processes, 
which I am confident will not prove distinctive ; and the num- 
ber of teeth in the premaxilla. In fact, then, nothing seems 
to be known as certainly belonging to Creosaurus, except the 
imperfectly preserved ilium first described. 

n the Kansas University expedition to Wyoming in the 
summer of 1899, a number of bones of a carnivorous dinosaur 
were obtained from a deposit in the Freeze Out Mts., asso- 
ciated with remains of Morosaurus, Diplodocus, Stegosaurus 
and Antrodemus. These remains were at first unhesitatingly 
referred to Adlosaurus, and it is possible that some of them 
may really belong with that genus. The numerous centra pre- 
served certainly agree very closely with the description given 
of the Allosaurus vertebree—but they also agree equally well 
with the vertebra referred to Creosaurus. Aside from the 
vertebrae, however, there were two scapule obtained that 
certainly show a generic distinction from Adlosaurus, as I have 
convinced myself from inspection of the scapula referred by 
Marsh to that genus, and figured by him in various places. It 
remains to be seen, however, whether this scapula of Marsh 
indubitably belongs with the bones first referred by him to 
Allosaurus. I do not think that there is conclusive evidence 
of this. Associated with these scapule in our quarry, though 
not in immediate juxtaposition, were two coracoids, a humerus, 
radius, claw bones, ete., all of which belong I think with the 
same species, though from two animals. An ilium and femur, 
obtained later from the same deposit by the Field Columbian 
expedition, in all probability belong with one or the other of 
the two animals. 

I give herewith a restoration of the shoulder girdle and arm, 
so far as the bones preserved permit. The portions outlined 
are reproduced from Marsh’s restoration of the corresponding 


parts of Adlosaurus. 
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The striking distinction from Al/osaurus, at once seen, and 


clearly of generic value, is presented by the remarkably elon- 
gated and slender scapula. Its shape also is distinctively dif- 
ferent in the proximal portion. The other bones preserved do 
not seem to differ very much from the corresponding bones of 


Allosaurus. The humerus appears to be somewhat more 
curved, the radius is stouter, and the hand is probably larger, 
relatively. This bird-like form of the scapule is a feature 
apparently unique among dinosaurs. Its shaft is of nearly 
equal width throughout or but slightly widened distally. The 


Am. Jour. Sc1.—FourtH Series, Vou. XI, No. 62.—Frprvuary, 1901. 
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upper half is much flattened, and the edges are thinned, while 
proximally it is more trihedral in cross-section, the posterior 
border rather sharp, the anterior one more rounded and the 
inner surface here more flattened. Longitudinally the external 
surface is convex, though less so, or nearly straight, in its 
middle portion. 

The age of the beds whence these fossils are derived, the 
Atlantosaurus Beds of Marsh, I have no hesitancy in accept- 
ing as Lower Cretaceous. They were first referred to the 

ealden by Marsh at the time of the discovery of the rich rep- 
tilian fauna in 1877, but afterwards wrongly placed by him in 
the Upper Jurassic. I have always doubted this reference, and 
their Cretaceous age it now seems to me to be sufficiently well 
proven to accept without question. The character of the 
reptilian forms present sufficient evidence, I believe, to refer 
them to beds equivalent to the Wealden of Europe, and the 
evidence from the invertebrates is still stronger: “The Wealden 
formation of England contains the greater part of the genera 
which occur in the Atlantosaurus Beds and is doubtless of the 
same age. The two formations have similar lithological char- 
acters, and four of the genera— Unio, Valvata, Planorbis and 

Viviparus—which are represented in the two formations by 
species having practically the same development, are not 
known from older formations.”* 

The name Atlantosaurus Beds, derived from a synonym, is 
not available for them, and must be replaced by Como Beds as 
proposed by Scott, unless indeed, the determination is sufti- 
ciently exact to allow the name Wealden to be substituted. 


* Logan, Kans. Univ. Quart., ix, 132, 1900. 
University of Kansas, Lawrence. 
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Art. IX.—TZhe Stereographice Projection and its Possibili- 
ties, from a Graphical Standpoint; by 8. L. PENFIELD. 
(With Plates II, III and IV.) 

(Continued from page 24.) 


Some Results obtained from the Solution of Spherical Tri- 
angles by Graphical Methods.—In order to test the accuracy 
of the methods set forth in the foregoing pages, two right and 
five oblique-angled triangles were plotted and solved graph- 
ically. N one of the parts of the triangles selected were given 
to exact degrees, so at the very beginning the points had to be 
approximately located between the degree graduations of the 
14 divided circle and the scales derived therefrom. 


Case 1.—Given two sides, a = 26° 34’ and b = 63° 26’, of a 
right triangle, figure 15. At C construct a diameter, and, by 
means of protractor No. I, plot the side a, 26° 34’. Lay off 
the side b, 63° 26’, on the divided circle, and then construct a 

reat circle passing through the points thus located, page 15. 
The angles A and B and the side A of the triangle are thus 
plotted. .A is now measured on the diameter « (stereograph- 
ically projected great circle) at 90° from A, by means of pro- 
tractor No.I. B is measured on the great circle z, at 90° from 
B, by-means of protractor No. II, page 18. The side A is 
measured by protractor No. II. The results of the work are 


as follows: 
Calculated. Plotted. Error. 
192’ 29° 10’ Q' 
77 «24 717 30 6 
66 25 66 25 0 
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Case 2.—Given an angle A = 24° 9’ and a side h= 70° 14’ 
of a right triangle, figure 16. On the diameter a, locate the 
point p 24° 9’ from the divided circle, using protractor No. I; 
then making use of scale No. 1, figure 3, construct the great 
circle A p. , 5 vetiral on the diameter y locate p’ 70° 14’ from 


A, and making use of scale No. 2, figure 3, construct the small 
circle which intersects the great circle previously constructed 
at B. Through B draw a diameter, thus locating the right 
angle C, and completing the triangle. The side a is measured 
by protractor No. I, the side 5 by the graduation of the divided 
circle, and the angle & on the great circle z, by means of pro- 
tractor No. II, page 18. 
The results are as follows: 


Calculated. Plotted. — Error. 
@ = 22° 39’ 22° 40 iM 
6 = 68 30 68 25 5 
B= 81 23 81 25 2 


Case 3.—Given the three sides of an oblique triangle, a = 
94° 26’, -b = 78° 42’, and c = 72° 36’, figure 17. On the 
divided circle, lay off the side a, and thus locate the angles B 
and @. On the diameters # and y locate the points p and p’, 
respectively 78° 42’ and 72° 36’ from C and JB, using pro- 
tractor No. I. Now making use of scale No. 2, figure 3, con- 
struct small circles through p and p’, and their intersection 
locates the angle A. Construct the great circles through C and 
A, and B and A, and the sides a, 6, and ¢, of the triangle are 

lotted. The angles B and C are measured on the diameter 2’ 
and y’, at 90° from & and C, respectively, using protractor 
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No. I. The angle A is measured on the great circle z, using 
protractor No. ii, page 18. 
The results are as follows: 
Calculated, Plotted. Error. 
A 98° 21’ 98° 30’ 9’ 
B 76 47 76 40 7 
C= 71 16 71 (15 1 


Case 4.—Given the two sides and the included angle of an 
oblique triangle, a = 31° 25’, b = 88° 53’, and C = 97° 13’, 
figure 18. To plot the angle C, on the diameter « locate the 
point p 97° 13’ from the divided circle, and construct the 
great circle Cp. To plot the side @ and thus locate B, on 
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the diameter y locate the point p’ 31° 25’ from C, and con- 
struct the small circle with radius given by scale No. 2, figure 
3. Lay off b on the divided circle, and draw the great circle 
AB, thus completing the triangle. The side ¢ is measured by 
rotractor No. IJ. The angle A is measured on a diameter 90° 
te A, by means of protractor No. I. The supplement of 
the angle & is measured on the great circle 2, using protractor 
No. Il, page 18. 
The results are as follows: 
Calculated. Plotted. Error. 
A 31° 11’ 6’ 
B 83 15 838 15 
c 92 48 92 50 2 


Case 5.—Given two angles and the included side of an 
oblique triangle, A = 59° 3’, B = 53° 34’, and ¢ = 75° 23’, 
tigure 19. Lay off the side ¢ on the divided circle. Plot the 


angles A and B by locating the points p and p’, on the diam- 
eters « and y, respectively, at 90° from A and B, the point 
p being 59° 3’ and the point p’ 53° 34’ from the divided 
circle. Using scale No. 1, figure 3, construct the great circles 
through A and p, and B and p’, thus locating C and completing 
the triangle. The sides a and 6 are measured by protractor 
No. II, and the angle C also by protractor No. II on the great 
circle z, page 18. 
The results are as follows: 
Calculated. Plotted. 
a 56° 50’ 56° 45’ 
b 51 45 51 40 
C 97 33 97 35 
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Case 6.—Given two sides and the angle opposite one of them 
of an oblique triangle, a = 56° 7’, b = 40° 8’, and A = 93° 
39’, figure 20. This problem has but one solution when @ is 
greater than 0, as in the present case. Lay off 6 on the divided 


circle. On the diameter w, 90° from A, locate p 93° 39’ from 
the divided circle, and draw the great circle Ap. On the 
diameter y locate p’ 56° 7’ from C, and construct the small 
circle which determines B. Through C and B& draw a great 
circle, which completes the triangle. The angle C is measured 
on the diameter v, at 90° from C. The angle B is measured 
on the great circle 2 by protractor No. II, page 18. The side c 
is measured by protractor No. II. 
The results are as follows: 


Calculated. Plotted. Error. 
B = 50° 47’ 50° 55’ 8’ 
C = 50 53 51 0 7 


40 25 13 


c 40 12 


Case 7.—Given two sides and an angle opposite one of them 
of an oblique. triangle, a@ = 63° 20’, 6 = 73° 8’, and A = 55° 
10’, figure 21. This problem is similar to the foregoing in the 
parts given, but has two solutions when a is less than 6. On 
the diameter #, 90° from A, locate p 55° 10’ from the divided 
circle, and draw the great circle Ap. On the diameter y locate 
p’ 63° 20’ from C, and construct the small circle which inter- 
sects the great circle A p, previously drawn, at two points, B 
and B’. Thus two triangles are plotted, ABC and AB’C, 
determining the two solutions of this problem. The acute 
and obtuse angles at C are measured on the diameter v, at 90° 
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from C. The obtuse angle B is measured on the great circle 
2 by protractor No. II, page 18. Likewise the acute angle B’ 
is measured on the great circle 2’, the portion between the 
arrow points —~—- supplement of the angle. The sides ¢ 
and ¢’, from A to B and from A to B’, are measured by pro- 
tractor No. II. 

The results are as follows: 


Calculated. Plotted. Error. Calculated. Plotted. Error. 
B=117°4)' 117° 87' 4’ B' = 62°19’ 62°20’ 1 
C= 2017 211 6 CU = 108 48 103 55 7 
ec = 18 48 18 55 12 i 115 55 6 


The solutions of the seven problems just given were made 
without knowledge of the calculated values; furthermore, the 
results are not a selection of best values, obtained from a 
number of solutions of the several problems. The results have 
been given exactly as they were obtained, and hence they serve 
to illustrate the probable degree of accuracy which may be 
secured. In solving the two right triangles the greatest error 
was 6’, the average error less than 3’. In solving the five 
oblique triangles the greatest error was 15’, the average 7’. 
It is evident that by increasing the size of the projection, and 
using more accurately engraved plates, the errors could be 
materially lessened. 

One possible case has not been included in the foregoing 
list ; namely, having three angles of a triangle given. Such a 
problem may be solved graphically, but, having no sides given, 
the problem is complicated. It may be done somewhat as 
follows: Referring to figure 19, the great circle Ap, determin- 
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ing the angle A, is first plotted. Then, taking protractor No. 
IV, page 22, the great circle corresponding most nearly to B 
is selected, and the protractor, centered on the drawing, is 
turned until the great circles A p of the drawing and B p’ of 
the protractor cross at an angle approximating to C, which is 
told by means of an ordinary protractor, page 19. Thus an 
approximate solution may be quickly obtained. 

Some Practical Applications of the Stereographic Projec- 
tion.—Some mathematicians may contend, and justly, that the 
seven problems previously presented might be solved easier by 
numerical calculations than by plotting; and that by using 
four- or five-place logarithm tables the results would be correct 
to minutes, while those obtained by plotting are only approxi- 
mately correct. In spite of the truth of this, graphical methods 
still have their advantages. Most persons who have occasion 
to make calculations, the writer included, use formulas and 
tables, as a rule, wholly in a mechanical way. With graphi- 
cal methods, on the other hand, formulas and tables are not 
needed, and every operation is clearly understood, for graphi- 
cal methods can scarcely be applied otherwise. In the majority 
of cases, numerical calculations are laborious, while graphical 
solutions appeal to one like pictures which, to a certain extent, 
tell their own story. Although it may be known that for some 
problems there are two solutions, it issafe to assume that of those 
persons who are accustomed to solve spherical triangles by the 
use of formulas, only a few could satisfactorily explain why 
two solutions apply to the conditions shown in figure 21 where 
a is less than }, while only one solution is possible when @ is 
greater than 6, figure 20. The two figures, however, being 
accurately constructed, not only show the point in question 
clearly, but present the problems in such a manner that desired 
parts can be measured. 

Most persons have never studied spherical trigonometry, 
and those who have studied it usually regard the. solution of 
a spherical triangle as at least a laborious, if not a difficult, 
matter. This is especially true of those who for a long time 
have not made numerical caleulations, and who have thus lost 
their familiarity with the use of formulas and of logarithmic 
tables. Perhaps no one can appreciate the difficulties presented 
by the subject more than one who has had occasion to teach 
crystallography to advanced students. It is generally the case 
that students desiring to take up crystallography (chemists 
especially) have not made numerical calculations, other than 
very simple arithmetical ones, for a number of years. As a con- 
sequence, the -—- in spherical trigonometry are regarded 
as a great trial. Mistakes of all kinds arise, and the only way 
to make absolutely sure of one’s work is to check, either by 
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means of duplicate calculations or by applying formulas for 
checking. Professor Edward 8. Dana, in preparing his “ Sys- 
tem of Mineralogy,” had all the angles in the book recalculated, 
using as far as possible the fundamental angles of the original 
investigators. He has told the writer that the number of errors 
he detected was astonishing. Some of the errors had been 
made even before the axial relations of the crystals were deter- 
mined, and whole tables of angles were, as a consequence, 
vitiated. Other mistakes had been made early in the century, 
and had been copied into all the leading text-books of mineral- 
ogy and crystallography. 

By making use of the graphical stereographic methods, tri- 
angles can be plotted practically in exact proportions, and, by 
measuring the unknown parts, a check upon the results of 
numerical calculations can be made. The importance of hav- 
ing some simple method of checking can not be overestimated. 
In the matter of making numerical calculations persons differ 

reatly. Some have great facility and seldom make mistakes ; 
others do the work with difficulty, especially, it would seem, if, 
like the writer, they are only occasionally called upon to make 
calculations. Some check, therefore, carried out graphically, 
is a great saving of nervous energy. In the writer’s short 
experience in using graphical methods as applied to the stereo- 


_ projection, numerous errors in numerical calculations 


ave been detected. At times the error has not amounted to 
1°, yet it was evident that some mistake had been made. 
Then, too, in following out the graphical methods, a map or 
chart is prepared, which in crystallography, as doubtless also in 
other departments of science, is of importance. 

In determining geographical distances, the stereographic pro- 

jection possesses very great advantages. In physical geography, 
for instance, it is important to find the distance between two 
points on the earth’s surface in order to determine the velocity 
of wind and ocean currents, seismic waves, tidal waves, etc. 
In navigation, at least in teaching it from an elementary stand- 
— the distance between two points of given longitude and 
atitude must be determined. To indicate how easily this may 
be done, the problem of finding the distances of New York 
and Rio de Janeiro from Queenstown will be presented. The 
approximate longitudes and latitudes of the places, as taken 
from an atlas, are as follows: 


Queenstown. New York. Rio de Janeiro. 
8° 15’ W. 74° CO OW. 43° 0’ W. 
51° 50’ N. 40° 40’ N. 23° 0’ S. 


In equatorial stereographic projection, figure 22, the meridian 
of Greenwich is drawn from the center to 0°. Queenstown is 
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located on the meridian 8° 15’ W., and by means of protractor 
No. I, at 51° 50’ N. Ina similar manner, New York is located. 


22 
of 


23'S 
Rio de Janeiro being south of the equator falls beyond the 
engraved circle on the meridian 43° W., but can be easily 
located by means of scale No. 3, figure 3. Instead of locating 
Rio de Janeiro, however, beyond the engraved circle, its anti- 
podal point # can be located on the same meridian, at 23° N. of 
the equator. Using now protractor No. IV, the points P and 
P’, and S and S’ are located, where the great circles passing 
through Queenstown and New York, and Queenstown and Rio 
de Janeiro cut the equator ; then using protractor No. II the 
distances are measured. From Queenstown to New York the 
distance, as plotted, was found to be 45° 23’, calculated 45° 11’. 
From Queenstown to # the distance as plotted was 99° 20’; 
hence to Rio de Janeiro is the supplement of this value, 80° 
40’; while by calculation it is 80° 47’. The data for the caleu- 
lations were the longitudes and latitudes as previously given. 
An advantage is gained by using a meridian rather than an 
equatorial projection, since the method of measuring is simpler, 
and the plotting is done near the periphery of the divided 
circle, where the distances between the stereographically pro- 
jected degrees are largest. Figure 23 illustrates this method. 
he divided circle represents the meridian passing through 
Queenstown, and a mark at 51° 50’ locates the place. On the 
stereographically projected equator, the intersections of the 
meridians of New York and Rio de Janeiro are plotted b 
means of the graduation on the base line of protractor No. i. 
The two meridians 74° and 438° West of Greenwich are respec- 
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tively 65° 45’ and 34° 45’ West of the meridian of Queens- 
town. By taking the radii from scale No. 1, figure 3, the two 
meridians are quickly drawn. New York, being in latitude 
40° 40’ N., is 49° 20’ south of the pole. Its position is deter- 
mined by locating the point 40° 40’ N. on the central meridian, 
and constructing the small circle with radius 49° 20’ taken 
from scale No. 2, figure 3. In asimilar manner, Rio de Janeiro 
is located. The figure also indicates another method of locat- 


ing Rio de Janeiro. On the equator locate the points p and p’ 
at 23° from the crossing of the meridian of Rio de Janeiro. 
The intersection of the meridian being 34° 45’ (48° — 8° 15’) 
from the divided circle, the points p and p’ are respectively 
11° 45’ and 57° 45’ from the divided circle. Now by finding 
the center and constructing the small circle, Rio de Janeiro is 
located. To measure the distances, match the zero point of 
protractor No. II with Queenstown, swing the protractor so 
that its center corresponds with that of the plate, and note the 
position of the points plotted. Thus plotted, the distances from 
Queenstown to New York and Rio de Janeiro were found to 
be respectively 45° 15’ and 80° 52’, calenlated 45° 11’ and 80° 
47’. Plotted in this way it is seldom that the error exceeds 
6’; the average error is less than 4’. It is a decided advantage 
to be able to determine any distance by one reading of the 

rotractor, rather than by two readings and a subtraction, as 
illustrated by figure 22. 

It may be seen from the foregoing demonstrations that if 
there were maps of the northern and southern, and eastern and 
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western hemispheres accurately plotted in stereographic pro- 
jection, and transparent protractors constructed on the same 
scale, such measurements could be made by simply shifting the 
rotractors and noting the angles. Maps of this kind would 
e very serviceable, and the writer believes that they should 
and will be made. The most important continental features 
(promontories, mouths of rivers, lakes, ete.), the islands, and 
the principal ports and inland cities could be located with 
great accuracy on a map of 30™ (nearly one foot) diameter, 
and it ought to be possible to measure distances between any 
two points within two or three minutes (two or three nautical 
miles) of the trath; while the maximum error ought not to 
exceed ten minutes. If there is an error of judgment in the 
foregoing statement, it favors greater, rather than less, exact- 
ness, for on the 14™ circles a degree of accuracy can be 
obtained almost equal to that just expressed. 

Without doubt geographers and physical geologists would 
find many uses for sheets printed from accurately engraved 
plates giving the meridians and parallels, in both equatorial and 
meridian stereographic projection, plates II and III. On such 
plates, points my pe om ongitude and latitude could be quite 
accurately located (within half a degree), the outlines of conti- 
nents sketched, wind and ocean currents noted, ete.; and, 
provided with protractor No. III, measurements sufficiently 
accurate for most purposes could be made in a very few min- 
utes. The writer has not employed such sheets in ecrystallog- 
raphy,* but has had the plates prepared to conform with the 
protractors and scales described in this article, believing that 
they will prove very useful. 

It is at times desired to shift a stereographiec projection so as 
to bring some special point or pole to the center. By makin 
use of scale No. 3, figure 3, this can be easily seusniltienk 
Plate IV represents a projection thus shifted so as to bring 
longitude 75°, latitude 40° (practically the location of New 
York city), to the center. The north pole is shifted 50° from 
the center, and the equator is an arc of a great circle crossing 
the vertical diameter 50° from the divided circle. Cutting off 
scale No. 3, figure 3, from one of the engraved sheets, and 
matching it along the vertical diameter, the stereographically 
projected points 10°, 20°, ete., are laid off in both directions 
from the shifted north pole, and about the respective center 
points the parallels of latitude (small circles) are drawn. That 
parallel which is located by actual measurement exactly half- 
way between the stereographically projected north and south 
* Impressions of an equatorial stereographic projection, essentially like plate Il, 


have been recommended by Fedorow, especially for use with the two-circle or 
universal goniometer. Zeitschr. fiir. Kryst., xxxii, p. 446, 1900. 
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poles (the parallel 40° South, plate IV) has an infinite radius, 
and appears as a straight line in the projection. Upon this 
straight line are located the centers of all the stereographically 
projected meridians, for they are all ares of circles running 
through the north and south poles, hence having their centers 
on a line crossing the middle point of the N.S. diameter at 90°. 
The points of intersection of the meridians with the equator 
may be found by drawing an are, with a radius like that of the 
equator, on an impression of protractor No. II, plate I. Then, 
by means of dividers, the points 5°, 15°, 25°, ete., from the 90° 
line of the protractor are transferred to the shifted equator. 
It took very little time to construct the parallels and meridians 
of plate IV, and, considering the size of the projection, they are 
accurately drawn. The outlines of the continents were sketched 
upon the chart by Mr. H. H. Robinson of Yale University. 

Professor Andrew W. Phillips of Yale University has devised 
a machine consisting of jointed rods, by means of which the 
pole of any stereographic projection can be shifted to any 
desired position. Thus an equatorial projection, the easiest of 
all to make, can be transformed into a meridian projection, or 
into one like plate IV, having some desired point at the center. 
This machine was exhibited in 1884 before the British Asso- 
ciation for the Advancement of Science, at their summer 
meeting in Montreal,* and is described by Professor Phillips 
in his geometry.t 

Map Projection.—The method of projection almost uni- 
versally employed by geographers for representing hemi- 
spherical surfaces is the so-called Globular Projection, invented 
in 1660 by the Italian Nicolosi.t In this method the equator 
is divided into equal parts, and the meridians are circular ares 
uniting these points with the poles; the parallels are likewise 
circular ares, dividing the extreme and central meridians into 
equal parts. Figure 24 shows the meridians and parallels in 
globular projection. Compare this figure with the stereo- 
graphic projection of the meridians and parallels, plate III, and 
a marked difference is at once apparent. The stereographic 
projection is correct in every particular, the parallels intersect 
the meridians at right angles, as on a globe, and, as has been 
shown, distances and directions can be accurately measured and 
plotted on such a projection. In the globular representation, 
on the other hand, nothing is correct except the graduation of 
the outer circle and the directions of the two diameters; dis- 
tances and directions can be neither measured nor plotted. 


* Report of the British Association for the Advancement of Science, 1884, p. 649. 


+ Phillips and Fisher’s Geometry, 1899, p. 510. 
¢ Germain, Traité de Projections des Cartes Géographique, p. 127, Paris, about 


1865. 
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Strictly speaking, figure 24 is not a projection, for it does not 
correspond point for point with the surface of a sphere, accord- 
ing to some fixed law of projection. It is simply an arbitrary 
distribution of aseries of curves. The only excuse for its con- 
tinued use in map construction is that, having the distances on 
the equator and central meridian equally spaced, land and water 
areas are more uniformly distributed than in the stereographic 


projection. In order to show still another defect of the globu- 
lar representation, two circular ares, x and y have been drawn 
1e 


on figure 24, one running from 40° N. on the periphery to 60° 
W. on the equator, the other from 60° N. to 60° W. Circular 
ares drawn from the same locations on plate III would represent 
stereographically projected great circles, agreeing in their inter- 
sections with the meridians and parallels point for point with 
corresponding great circles drawn ona sphere. Not so with 
the globular representation, however. The two great circles 
under consideration, if accurately plotted on the globular chart 
from their actual intersections with the meridians and parallels, 
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would appear not as circular ares, but as the irregular curves 
x and y’, figure 24, showing marked deviation from circular 
ares in the lower left-hand portions of the chart. 

It is impossible to represent the areal relations of a hemi- 
sphere upon a plane without sacrificing some features. In the 
stereographic projection, plates II and III, distances between 
the meridians and parallels become smaller as they approach 
the center. Distances and areas on stereographic maps must 
therefore be magnified in proportion as the distances between 
the meridians and parallels become smaller. The gradual con- 
traction of areas, as the center of a stereographically projected 
hemisphere is approached, is not altogether a drawback, for 
it should be part of a person’s education to understand that, in 
making a map on a flat surface, some contraction or magnifica- 
tion of areas must appear on certain portions of the map. 
Doubtless most geographical relations can be appreciated best 
by beginners by studying a sphere or globe. Serious difficulties, 
however, are encountered in making accurate drawings and meas- 
urements on a spherical surface; hence to be able to plot all 
the relations of a sphere easily, quickly, and accurately on a flat 
surface is a great advantage, an advantage, moreover, which the 
stereographic projection alone possesses. 

It would seem as though the distorted and inaccurate globu- 
lar representation, now universally employed by geographers, 
should give place to the accurate stereographic projection. It 
is safe to assume that few teachers in our academies and high- 
schools have exact ideas concerning the kinds of projection 
employed in map construction. By making use of comparatively 
simple wire models* it should be possible to give not alone to 
teachers, but to scholars of from twelve to sixteen years of age, 
a sufficient knowledge of the essential features of the stereo- 
graphic projection to enable them to appreciate the meaning 
and significance of meridians and parallels as projected on a flat 
surface, plates IT and III. 

If scholars were supplied with stereographie charts, corre- 
sponding to plates II and III, and were taught to locate places 
from their longitudes and latitudes, the more skillful of them, 
at least, would soon be able to construct quite accurate maps, 
better than those now existing in our school geographies, and 

* The writer has in mind models such as are used in teaching crystallography. 
Wire circles could be arranged and soldered so as to represent meridians, parallels, 
and arcs of circles in any desired position. It does not take many wire circles to 
give to such models the effect of a sphere. By running wires or threads from 
certain fixed points on the circles to the south pole, for example, the fundamental 
conception of the stereographic projection.—the projection to a pole on the surface 
of a sphere—can be demonstrated. Where the wires or threads intersect the 
plane of the equator, determine the position of the points in stereographic pro- 


jection. Great and small circles could be thus projected, and if properly worked 
out with not too much detail, the models would be very effective. 
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ones which would be correct within certain limits, depending 
upon the size of the projection and the skill with which the 
drawing and plotting were done. Map-drawing is generally 
a feature of grammar-school education, and by making use 
of printed charts, showing stereographically projected meridians 
and parallels, it would be no more difficult to construct an 
accurate map than a mere sketch, and probably it would be 
easier. It would be at least more profitable and instructive. 

Having demonstrated on a globe that the shortest distance 
between two points is along the are of a great circle, the use of 

rotractor No. IV, figure 14, could be explained, and by turn- 
ing the protractor, the great circle passing through any two 
points could be easily and quickly found. It is probable that 
by making use of a suitable wire model, the principles under- 
lying the construction of protractors II and III could be made 
clear. In any event, an intelligent person would soon learn to 
turn protractors II and III to the right position, and determine 
in degrees the distance between two stereographically projected 

ints. 

Students come to the universities with altogether too little 
knowledge of how to do things accurately, and the lack of 
proper training in this respect is a serious defect in their edu- 
cation. By applying to geography the mathematically correct 
principles of the stereographic projection, it would be possible 
to inculeate into pupils of high-school, possibly also of gram- 
mar-school, age, methods of absolute accuracy as pertaining to 
map construction. The essential features of the projection are 
so simple, that, if properly presented with the aid of a few 
models and diagrams, it should be possible to teach compara- 
tively young pupils how to construct maps intelligently and 
to make geodetic measurements accurately. It seems to the 
writer that training of such a nature would be most beneficial, 
not alone because it is important to know how maps are con- 
structed and geodetic measurements are made, but, in a broader 
sense, because of the advantages derived from that kind of 
training which teaches pupils how to do things and to do them 
correctly. 

This opportunity will be taken to present a brief demon- 
stration Fei the advantages of the stereographic over the 
ordinary methods of map construction. In maps comprising 
small areas, it is possible to measure the distance between two 
points, in a straight line across the map, with considerable 
accuracy. Not so, however, for long, transcontinental dis- 
tances, as such must be measured with reference to the curva- 
ture of the earth along arcs of great circles. Most persons 
have no means of determining the distance between distant 
points other than the very crude, and necessarily incorrect 
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method of applying a scale of miles in a straight-away direc- 
tion across a map. For the sake of demonstration, the distance 
between New York, 74° W., 40° 40’ N., and New Orleans, 
90° 0’ W., 29° 55’ N., was chosen. Making use of atlases, only 
those maps can be employed on which both New York and 
New Orleans appear on the same sheet, therefore maps of 
the whole United States must generally be used. On a 
number of such maps, varying in. width from 14 to 26 inches, 
and accompanied in each case by a scale of miles, the following 
results were obtained: 1170, 1180, 1185, 1190, 1200, and 
1210 statute miles. On all the maps, the position of the two 
places with reference to the meridians and parallels corre- 
sponded closely with the longitudes and latitudes as already 
given. By calculation from the longitudes and latitudes as 
given, the distance was found to be 16° 52’, or 11664 statute 
miles. By plotting in equatorial projection, and measuring 
with protractor No. II, the distance was found to be 16° 53’ 
(figure 22 shows both New York and New Orleans in equato- 
rial projection). By plotting four different times in meridian 
projection, using the method shown in figure 23, page 124, the 
distance as measured by protractor No. II was found to be 
16° 53’, 16° 53’, 16° 53’, and 16° 58’. It should be explained 
that in three cases (a zero point of the protractor being at New 
York) New Orleans fell just short of coincidence with the 17° 
line of the protractor; hence the position was recorded as 16° 
55’. In one case it was on the 17° line. From these readings 
2’ were deducted to allow for the shrinkage of the celluloid 
protractor. It is in part accidental that four of these deter- 
minations, 16° 53’, came so close to the calculated value, 
16° 52’; still it is seldom that an error of 6’ is made in plot- 
ting and measuring on a meridian projection, and the 
average of measurements of a similar nature which the writer 
has made would be not over 4’, probably not over 3’, from the 
truth. Consider for a moment the discrepancies between 
measurements as made on ordinary maps and those made by 
means of the stereographic projection. On maps including the 
United States alone, and varying in width from 14 to 26 
inches, the measurements ranged from 1170 to 1210 miles, a 
maximum error of 44 miles; while on a stereographic projection 
of 14 centimeters (54 inches) diameter, comprising a whole 
hemisphere, the greatest error was less than seven miles, the 
average error being but two miles. To appreciate better the 
discrepancies of the two methods, compare the size of the 
whole North American continent, as shown on the stereo- 
graphic map, plate IV, with an ordinary map of the United 
States. It seems to the writer that this example furnishes a 
strong argument for discarding the defective methods of map 
representation now in general use. 
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As pointed out on page 125 and shown in plate IV, 
it is an easy matter to shift a stereographic projection 
so as to bring any desired point to ‘ 
the center. Figure 25 shows the distri- 
bution of some of the meridians and 
parallels when the intersection of the ~ 
95th meridian and the 40th parallel is | 
brought to the center of the stereo- || > 
graphic projection. The point 95° W. .,, 
40° N. is about in the center of the 
United States. The map is not re- 
duced, but shows the actual size of the United States as it 
appears at the center of a stereographic projection, based upon 
a circle of 14° diameter. The distance from right to left across 
this map is 28™" (14 inches), and the distance from New York 


to New Orleans is 103", but little over $ inch; yet in spite 
of the very small scale on which the map is made, and also 
of the fact that the United States is at the center of the hemi- 
sphere where it appears the smallest, measurements can be 
made with the stereographic protractors to within a fraction of 
a degree. For example, New York to New Orleans was meas- 
ured by protractor No. II, after making a reduction for shrink- 
age, as 17° 8’, calculated 16° 52’, a difference of but 16’, or 
about 18 statute miles. 

There is but little distortion, due to the stereographie pro- 
jection, provided a map does not cover an area larger than that 
of the United States. Measuring from right to left across the 
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center of the United States, figure 25, not from east to west 
along the 40th parallel, but on the are of a great circle, the 
edges of the map are about 45° (one-eighth of a circumference) 
apart. An are of 45°, a d, figure 26, appears in stereographic 
projection as a line a’ 6’. A stereographic projection, however, 
can be made on a tangent plane a” b’, in which case the 
linear distance from a” to b” will be twice that of a’ to 3’, 
while the area on a tangent plane will be four times that of a 
plane passing through the center. As far as distortion is con- 
cerned, however, it makes no difference whether a inap is made 
small on a central plane, or with four times the area on a 
tangent plane, the proportions of the two maps remain the 
same. Considering the radius of the circle, figure 26, as unity, 
the distance from a to }, 45° along the circumference, is 0°785, 
while from a” to 6” it is 0°828, a difference of only 0-043. 
These figures indicate that the distortion resulting from the 
stereographic projection of a small portion of a sphere upon a 
plane, for example figure 25, can not be very great. 

Figure 27 shows a stereographic protractor based upon a 
14™ circle, the same as that employed in making the map of 
the United States, tigure 25, and sufficiently large to cover all 


portions of the map. The only great and small circles which 
come into consideration are the ones 


near the center of protractors II and 
III, plate I and figure 13. The small 
circles on one half of the protractor 
indicate degrees, and on the other 
half statute miles. A semicircular 
protractor with the small circles indi- 
cating either degrees or miles would 
answer every purpose. Such a pro- 
tractor would have to be centered on 
a map of the United States, corre- 
sponding to figure 25, at 95° W., 
$ oe 40°N.; that is, at the center of the 
projection. By turning the protrac- 
i tor, some great circle can be found 
running throngh any two points under consideration ; and by 
noting the positions of the points with reference to the small 
circles, their distance apart may be determined, either in degrees 
or miles. 

By increasing the width of the map of the United States, 
figure 25, sixteen times, an ordinary sized atlas sheet, eighteen 
inches in length, would result. In that case the projection would 
be based upon a fundamental circle of 224 (about 74 feet) 
diameter, and to plot the stereographically projected meridians 
and parallels on such a scale would present no difficulty. The 
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protractor also would have to be increased in like proportion. 
On such a scale the first degree of the protractor would be 
9°8™™ (nearly a centimeter) from the center, and if the small 
circles of the protractor indicated tenths of a degree (6’), the 
wren would be far coarser than that of protractor No. 
I, plate I. If the small circle graduation of the protractor 
indicated every fourth minute, the first line would be distant 
0°652™" from the center, while the first-degree line of protractor 
No. II, plate I, is 0°611™" from the center. It will be at once 
evident to any one accustomed to reading scales, that, with 
divisions 0°65"" apart, one quarter of the distance between 
such divisions may be easily estimated, and with care, perhaps, 
one eighth, which would be equivalent to half a mile on a map 
of corresponding scale. By making use of a dividing engine, itis 
possible to construct protractors of any size; and used in con- 
nection with carefully plotted maps, geodetic measurements 
can be made with almost any desired degree of accuracy. 

For purposes of navigation of the North Atlantic, for exam- 
ple, it would seem that nothing could be simpler than a stereo- 
graphic chart with 35° W., 45° N., at the center. On sucha 
chart, 18 inches or more in diameter, all ports and lighthouses 
could be accurately located. If a navigator can determine his 
longitude and latitude correctly, which under favorable con- 
ditions he is supposed to do within a minute (nautical mile), all 
that remains to be done to find the distance from any desired 
point would be to locate his own position on the chart, shift a 
stereographic protractor so as to bring the two points on the 
same great circle, and note the position of the two points with 
reference to the small circles. The great circle, which it would 
not be necessary to draw upon the chart, would indicate the 
sailing direction. Compass bearings could be determined by 
means of an ordinary protractor, as indicated on page 19, 
figure 12. Calculations involving the use of tables and for- 
mulas would not be necessary. An 18-inch chart would 
probably be quite large enough for practical purposes. At all 
events, the errors in determining longitude and latitude would 
probably be as great as those resulting from locating the points 
on the chart and reading the protractor. The position of a 
ship from day to day being noted on a stereographic chart, the 
daily runs could be determined directly by means of a stereo- 
graphic protractor. Without doubt, vessels have — 
been wrecked because of failure of the commanding officer to 
make his calculations correctly, but if ships were provided with 
suitable stereographic charts and protractors such accidents 
might be avoided. A navigator may make a mistake in locat- 
ing his position, but, that having been correctly determined 
and located on a suitable chart, a stereographic protractor 
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would indicate not only the distance from any point of danger 
noted on the chart, but also the direction to any desired port. 
The possibilities of mistakes in calculation, other than those 
involved in determining the position of the vessel, would not 
have to be taken into consideration. 

Still another method of projection which is in very general 
use is that of Mercator, invented in 1569.* In this, figure 28, 
the meridians appear as vertical straight lines equally spaced, 
and the parallels as horizontal lines so distributed that the 
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points of the compass preserve the same direction over all the 
map. In such a projection, areas are very much distorted, 
especially those near the poles, and distances can not be meas- 
ured directly. Although the writer does not consider himself 
competent to pass judgment upon the relative merits of map 
projections as employed by navigators, he does see many advan- 
tages of the stereographic over all other kinds of projection. 

It is interesting to note, for example, that the projection of 
Mercator, designed especially for use in navigation, does not 
give the navigator the information he most wishes to know, 
except in a few cases. A straight line drawn on the map from 
one point to another gives a possible sailing direction between 
the two points. If the direction is due north or south on any 
meridian, or east or west on the equator, the course is that of 
a great circle; hence the shortest possible. In all other cases, 
however, a course thus plotted as a straight line on the map, 
and sailed by compass without deviation from the direction 
indicated, will not correspond to the are of a great circle ; 
hence will not be the desired shortest possible route. Take as 
an illustration two ports on the same parallel, for example, Lis- 
bon, 11° 30’ W., 38° 30’ N., and the mouth of Delaware Bay, 
75° 0’ W., 38° 30’ N.; how is a mariner to shape his course, 
provided that no account is taken of ocean currents? To one 


* Germain, loc. cit., p. 205. 
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not accustomed to deal with spherical surfaces and their projec- 
tions, it would seem, on looking at a map in Mercator’s projec- 
tion, that the course should be due west, and that an east wind 
would be most favorable. Steaming or sailing thus, however, 
one would be traveling along the arc of a small circle. In stereo- 
graphic projection, figure 29, the small circle S. C., crossing all 
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meridians at 90°, is drawn. The shortest course between Lis- 
bon, Z., and Delaware Bay, D.B., is, however, the great circle 
G.C., passing as far north as 48° 6’. Sailing on this great circle, 
a vessel should be pointed 21° 4’ (plotted 20° 57’) north of west 
on leaving port, and should gradually change its course so as to 
cross the intermediate 43° 15’ meridian due west, and then pro- 
ceed south of west. The distance traveled on the great circle is 
48° 38’ (plotted 48° 50’), equal to 2,918 nautical miles, while the 
distance on the small circle is 2,982 nautical miles, a difference 
of 64 miles. It is not probable that a steady wifid would be an 
east one swirling around the pole along the arc of a small circle, 
but, rather, it would be far more likely to travel along the are 
of a great circle, crossing the different meridians at slightly 
different angles. It seems to the writer that these relations, as 
plotted in stereographic projection, must be far easier to com- 
prehend than if plotted on any other projection. 
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A line plotted on a sphere so as to intersect all meridians 
at the same angle, and which appears as a straight line 
on a Mercator’s projection, is known as a rhumb-line, and 
sailing with the same compass bearings from the place of 
departure to the place of destination is known as rhumb- 
sailing. A rhumb-line intersecting the meridians at an 


oblique angle (the condition which almost always comes into 
consideration) gives, when plotted on a sphere, a spiral curve 
with complex mathematical relations, known as a loxodromic ~ 
curve. Figure 30 represents the meridians and parallels of a 
hemisphere in gs projection, and two possible sail- 
ing routes, from Cape Flattery, 124° 45’ W., 48° 30’ N., the 
extreme northwestern point of the State of Washington, to 
the entrance of Bass Strait, 148° E., 40° S., leading to Mel- 


bourne, South Australia. The shortest route is the great circle 


x x, which, if followed, necessitates a slight change of compass 
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bearing, as one meridian after another is passed. The rhumb- 
course, which intersects all meridians at the same angle, hence 
maintains the same compass bearing (41° 20’ West of South) 
throughont, is y y. It would be somewhat difficult to estimate 
the distance traveled in following the rhumb-course, but, 
judging from the figure, it would not be very much longer 
than that of the great circle. In regions near the equator the 
discrepancies between great-circle sailing and rhumb-sailing, 
both as regards distance and direction, would not be very 
great. As the polar regions are approached, however, discrepan- 
cies become greater. The rhumb-line from Cape Flattery to 
Bass Strait, figure 30, if continued toward the polar regions, as 
indicated by the dotted lines y y, deviates more and more 
from the great circle 2 x, and terminates eventually in two 
spirals, circling around the respective north and south poles, 
constantly nearing, yet, theoretically, never reaching them. 

The problems presented by navigation are naturally compli- 
cated, and such factors as ocean currents and the probabilities 
of encountering favorable winds and weather during certain 
seasons of the year must be taken into consideration. Hence 
the route along which the shortest and safest passage may be 
made must be selected, rather than the shortest course. The 
main factor, however, in determining the shortest passage must 
be the shortest distance from point to point, which may be 
determined by a stereographic protractor giving great circles, 
figure 14. The direction of ocean currents and prevailing 
winds may be represented on a stereographic chart as well as 
on any other, and it must be a matter of judgment on the 
part of a navigator to shape his course so-as to take advantage, 
as far as possible, of favorable and avoid unfavorable conditions. 

Instruments needed for plotting Stereographic Projections.— 
For the most part. ordinary drafting instruments may be 
used. Pencils should be very hard and sharpened to a chisel- 
like edge, rather than to a point. For locating points very 
exactly, a fine needle, fastened in a suitable handle, is very 
useful. Although a puncture made by the needle point may 
be quite a fraction of a degree in diameter, its center may be 
regarded as indicating the exact location of any point; and in 
reading scales and protractors with reference to the puncture, 
the reading may be easily made from its center. An instru- 
ment which is not very generally used and is almost indispen- 
sable where great accuracy is required is a beam-compass. 
Ordinary dividers are not very satisfactory, aud when used 
with an extension bar for constructing large circles the utmost 
pains must be taken in order to get good results. 

For drawing very flat ares the instrument shown one fourth 
natural size in figure 31, and designated as the cwrved ruler, 
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may beemployed. The construction of the instrument is very 
simple. A strip of strong, straight-grained wood, a a, is bent 
by pressure applied in one direction at points pp, and in oppo- 
site direction at points 77. Pressure is applied by means of 


a 


the lever Z, which is held in any desired position by means of 
the nut V. The instrument may be quickly adjusted, and the 
curve between the points a a, even when the bending is con- 
siderable, corresponds exactly with the are of a circle. It is 
no drawback that the wooden strip a a becomes permanently 
bent when left for some time under eager in the instrument. 
It is only necessary to withdraw the strip and reverse it, in 
order to draw a very flat are, almost a straight line. A curved 
ruler, in principle like the one figured, but made of metal, was 
first described by Wulff.* Later Fedorow elaborated the instru- 
ment somewhat.t The writer has a metal instrument, made 
after the Fedorow model by Fuess of Steglitz, near Berlin, but 
has not found it as satisfactory as the one made of wood. 
This, however, is only because of certain minor defects. The 
metal strip in the Fuess instrument, corresponding to a a of 
figure 31, is so high that it is difficult to use a pencil, and 
almost impossible to use a ruling-pen, in contact with it. More- 
over, it is so highly polished that reflections from it are very 


annoying. 


6 


Figure 32, which may be designated as the scale of decimal 
parts, gives a series of spaces (millimeters as indicated by the 


* Zeitschr. fiir Kryst., xxi, p. 253, 1892. 
+ Zeitschr. fiir Kryst., xxi, p. 618, 1893. 
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numbers), each divided into tenths, with the exception of 
the smallest space. It may be necessary to have spaces 
of millimeters and a half similarly subdivided, which must 
be determined by experience. For use, the scale of deci- 
mal parts will be printed on a card. It is to be used in 
locating points on charts corresponding to plates II and III, 
where the meridians and parallels are given for every tenth 
degree only. For example, to locate Queenstown, 8° 15’ W., 
51° 50’N., on plate II, its longitude is determined by the diam- 


33 


eter 8° 15’ W., and a short line on this diameter, drawn between 
the parallels 50° and 60° N., locates the place in part. Making 
use of the scale of decimal parts, figure 32, one of the spaces 
(the 7™ one) will approximate closely to the linear distance 
between the 50th and 60th parallels, and the location of 
Queenstown, nearly 2° north of 50°, can be determined with 
considerable accuracy. Similarly, on a meridian projection, 
plate III, the approximate location of any desired point between 
the ten-degree spaces of the meridians and parallels can be 
quickly ascertained. 

Finally, in fixing locations exactly by means of a needle 
point, with reference either to the scale on the base line of 
protractor No. I, or to the scale of decimal parts, figure 32, it 
is convenient to use a lens of low magnifying power, for exam- 
ple, one of two-inch focus. A reading glass or pocket lens 
may be employed, but, still better, a lens cut in two and 
mounted on a stand, so that when placed upon the drawing or 
chart it will be at the proper distance above the paper and does 
not need to be held. By using only half a lens, the needle-point 
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holder can be held vertical, and, on a diameter or are previ- 
ously drawn, a puncture can be made which is centered very 
exactly with reference to the graduations of the scales and 
protractors. A cheap lens is trying to the eyes, as it distorts 
the lines of the scales, therefore persons making much use of 
the stereographic projection will find it greatly to their advan- 
tage to have a half-lens made from an aplanatic triplet. Figure 
33 represents a half-lens made for the writer from a Hastings 
triplet, two-inch focus, by the Bausch and Lomb Company of 
Rochester, N. Y. This form of lens will doubtless be con- 
venient for many kinds of work. 

34 


140170 


Black-board Demonstration of the Stereographic Projec- 
tion.—In explaining the projection to an audience or class, it 
may be convenient to make use of a black-board, and with a 
few implements, demonstrations can be made very quickly and 
accurately. 

Figvre 34 represents the black-board equipment 
by the writer, in about one fourteenth its natural size. The 
black-board, AA A, is of slate, on which is scratched the circle 
BB, with center C. The circle has a radius of 35%, and its 
graduation gives every tenth degree. The circle and gradua- 
tion marks need not be conspicuous, and they interfere in no 
way with the ordinary uses of the black-board. In case a 
permanent circle, scratched or painted on a_black-board, is 
objectionable, a center point may be fixed, and degrees on any 
circle described about it may be taken from graduation marks 
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painted on the frame of the black-board, as shown. JD is a 
seale, drawn on cardboard, which may be used for locating 
degrees between the ten-degree marks of the graduated circle. 
F is a ruler or straight-edge of light wood, on one side of 
which are the scales giving the radii of great circles, G.C. and 
vertical small circles, 8.C., as shown ; while on the other side 
are the two scales corresponding to Nos. 3 and 4 of figure 3, 
page 6. For most operations a smaller ruler, which is not 
shown, is used. It is provided with the same scales as Z. A 
semicircular protractor having the same radius as the circle is 
shown at /, with stereographically projected degree gradua- 
tions upon its base line. A beam-compass is shown at G,* 
having one fixed arm ending in a metal point, and a sliding 
arm carrying acrayon. The sliding arm has two screw nuts, 
one for clamping the arm to the beam, the other for clamping 
the crayon. The beam may be graduated, the scale on one 
side‘ giving the radii of vertical small circles, S.C., as shown, 
while the scale giving the radii of great circles is on the other 
side. Another compass, exactly like the one shown, except 
having a shorter arm, is employed in most operations. A 
large curved ruler is shown at 7, provided with a handle A for 
holding it in position against the black-board. A stereographic 
protractor, drawn with India ink on transparent celluloid, is 
shown at /. The face of the protractor is covered with a thin 
sheet of celluloid to protect the lines, and the two sheets are 
fastened by screws to a light semicircular frame of wood. A 
is a long, light blade of wood which may be clamped at any 
angle to the cross-piece k by means of a thumb-secrew. With 
this instrument, lines of any desired inclination, taken from 
the graduation of the circle, may be drawn on any part of the 
black-board. Although the instrument is not needed for con- 
structing stereographic projections, it has been included with 
the others in order to make the description of the black-board 
instruments complete. It is used for solving problems in 
aan by means of graphical methods which will be 
described in a later communication. 

Although the black-board implements are graduated only to 
every fifth degree, quite accurate work can be done with them. 
For example, in solving the problems given on pages 115 to 120, 
the maximum error was 77’, the average error 30’. In making 
such measurements as from Queenstown to New York or Rio 


* A beam-compass of the form shown is an excellent instrument for black- 
board demonstrations, far superior to the black-board compasses ordinarily 
employed. If made with scales giving inches on one side of the beam and centi- 
meters on the other, so that circles of any desired radius may be drawn, it would 
be a very useful instrument, not only in the school- or lecture-room, but in offices 
of architects and designers. Application has been made for a patent for this 
instrument. 


142 S. L. Penfield—Stereographie Projection, 


de Janeiro, pages 123 and 124, results are often within a quarter 
of a degree of the truth, seldom more than half a degree out. 

Conclusion.—Starting with the very simple idea of making 
a protractor with stereographically projected degrees upon its 
base line, one possibility after another has presented itself, 
involving, as stated at the ontset, no new mathematical princi- 
ples, but leading, as the writer believes, to very important 
results. The main features of this article are the development 
of the scales shown in figure 3, by means of which it is pos- 
sible to make stereographie projections very quickly and acen- 
rately; and the discovery of the transparent stereographic 
protractors. The writer can not learn that any one has ever 
made use of such protractors, and accordingly has made appli- 
cation for patents to control their manufacture and sale. Up 
to the present time, protractors have been made to conform to 
a circle of 14°™ diameter only, but any demand for protractors 
and scales based on a larger circle can be easily satisfied. 
With accurately engraved stereographic plates and protractors, 
based on a circle of 12 or 18 inches diameter, for example, 
very accurate plotting and measuring could be done. Many 
have expressed surprise that on a circle of only 14™ diameter, 
representing a whole hemisphere, such accurate measurements 
can be made as those cited in this article. It may be stated, 
however, that the method in itself is absolutely exact, and 
errors are wholly due to inability to work accurately on so 
small a scale as the one adopted, and with plates and pro- 
tractors graduated to degrees only. Based ona circle of 14™ 
diameter, a stereographically projected degree at the periphery 
and at the center is represented by distances of about 1:2 and 
0-6™", respectively. Of these distances, one ought to be able 
to estimate about one tenth of the former and one quarter of 
the latter; hence, a point carefully located near the periphery 
ought not to be more than one tenth of a space, or six minutes, 
out of the way, and the chances are that it will be correct 
within three minutes, while near the center a point ought to 
be located at least within a quarter of a degree and probably 
within ten minutes of the truth. The possibilities as thus 
stated correspond closely with actual tests of the method. If 
the plotting is of a simple nature and made near the periphery, 
and especially if the measurement can be made with one read- 
ing of the protractor, the result is rarely more than 6’ and 
averages less than 4’ from the truth. If, on the other hand, 
the plotting is done near the center of the circle, and measure- 
ments necessitate two readings of the protractor, errors amount- 
ing to a quarter of a degree must be expected, but the average 
will be less than 10’ from the truth. 
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The stereographic projection is admirably adapted for repre- 
senting all kinds of relations pertaining to a sphere. It is 
very difficult, almost impossible, to plot and measure accurately 
on a spherical surface, and a sphere which may be used for 
such purposes is rarely at hand,; hence, to be able to plot and 
measure accurately on a flat surface is a great advantage. The 
writer hopes, therefore, that as a result of this article the 
stereographic projection will become more widely known and 
appreciated, and that it will prove more generally useful. 
Crystallographers have employed the stereographie projection 
not only for indicating the distribution of crystal faces, but 
especially for showing zonal (great circle) relations and the 
spherical triangles which when solved determine the interfacial 
angles. The stereographic protractors will now give to the 
projection a new and far more important significance. Crys- 
tal forms being plotted according to some fixed scale, desired 
angles may be measured with sufficient accuracy for most pur- 
poses by the protractors. Protractor No. IV, page 22, will 
indicate zonal relations; and the solution of many other prob- 
lems follow, which will form the basis of a later communica- 
tion. 

The application of the stereographic projection to astronom- 

ical problems are very numerous, and doubtless some astrono- 
mers will find their work simplified by using scales and 
protractors similar to the ones described in this article. 
_ It would seem as though no course in spherical trigonometry 
could be quite complete without reference to the possibilities 
which the stereographic projection offers for the solution of all 
the problems presented. ~ 

Before closing this communication the writer takes pleasure 
in calling attention to a recent article by Professor E. von 
Fedorow of Petrowsko-Rasumowskoje, near Moscow, on a 
“ Universalgoniometer mit mehr als zwei Drehacen und 
genaue graphische Rechnung.”* In this communication, Pro- 
fessor Fedorow describes a modification of the two-circle goni- 
ometer, by means of which spherical triangles may be solved 
accurately by purely mechanical methods. This is accom- 
plished by having two reflecting surfaces which may be set at 
any angle (kiinstlicher Krystall), and which take the place of 
a crystal on the instrument. By obtaining appropriate reflec- 
tions from the surfaces, which necessitates the turning of cer- 
tain circles, the problems are solved, the angles being read 
from verniers accompanying the graduations of the circles. 
Although it is shown that the instrument is capable of giving 
exact results, the applications of the Fedorow method of solv- 


* Zeitschr. fiir Kryst., xxxii, p. 464, 1890. 
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ing triangles will probably be limited, since an expensive 
instrument must be procured, which not only must be kept in 
perfect adjustment, but can be used only by persons who 
thoroughly understand the workings of its several parts. 
Then, too, the instrument does not give a map or chart, which 
is such an important feature of the stereographic projection. 

Although it is not customary for the writer of a scientific 
article to advertise, there are many who may wish to apply 
stereographic methods to the solution of problems in which 
they are especially interested, and therefore will find it con- 
venient to make use of the printed sheets, scales, and protrac- 
tors described herewith. Accordingly arrangements have been 
made to keep a supply of the necessary articles in stock, and, 
upon application either to the writer or to E. L. Washburn & 
Co. of New Haven, a price list will be sent. 

If the method fulfills the writer’s expectations, there will be 
in time a demand for scales and protractors of larger size and 
finer graduation, based, for example, on circles of 12 or 18 
inches diameter. Moreover, with the experience already gained, 
there ought to be no serious difficulty in making them very 
accurately. 


Sheffield Laboratory of Mineralogy and Petrography, - 
Yale University, New Haven, Conn., December, 1900. 
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MERIDIANS AND PARALLELS IN STEREOGRAPHIC PROJECTION. MERIDIAN PROJECTION. 


Printed from the original engine-divided plate. 
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HEMISPHERE IN STEREOGRAPHIC PROJECTION, 


With 75° W. 40° N., at the center. 
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Art. X.—On the Melting Point of Gold; by Lupwie 
and ARTHUR L. Day. 


[Communication from the Physikalisch-Technische Reichsanstalt, Charlottenburg, 
Germany. ] 


In connection with the measurement of high temperatures 
with the gas thermometer,* the melting points of various 
metals lying between the temperatures 300° and 1100° were 
determined. The two methods employed were distinguished 
by the names “ Wire Method” and “Crucible Method.” The 
wire method consisted in inserting into the hot junction of the 
thermo-element about 1™ of the wire whose melting point was 
to be determined, and observing the E.M.F. at the moment of 
melting and consequent interruption of the circuit; the eru- 
cible method, on the other hand, involved the introduction of 
a thermo-element properly protected by porcelain tubes into a 
comparatively large mass of the metal. The melting point of 
gold was determined at that time by the wire method only. 

On account of the special importance which has been attached 
to the melting point of gold for comparing the temperature 
scales of various observers, it seemed to us advisable to make a 
further determination of this melting point by the crucible 
method as well, and at the same time to investigate whether 
the surrounding atmosphere exerts any influence on the melting 
temperature. 

For this experiment some 450 gr. of pure gold were used, 
the purity being vouched for by the Gold- und Silber-Schei- 
deanstalt at Frankfort-on-Main, where it was obtained. For 
the sake of certainty, however, a sample weighing 2 gr. was 
also analyzed in the chemical laboratory of the Reichsan- 
stalt, but no impurities were found. 

The gold was melted in the same oven which was described 
in the former paper, and measured with the same thermo- 
element which had served for the observations by the wire 
method. 

Preliminary trials made with a smaller quantity of the 
metal (350 gr.) in a thin porcelain crucible yielded ill-defined 
“time curves” on account of the small latent heat of fusion, 
and also a difference between the melting and solidifying tem- 
peratures amounting to as much as 4°. Afterward, using 450 
grams of gold and placing the light crucible in a larger one 
lined with asbestos, the distribution of heat was more even and 
excellent results were obtained. COrucibles of mixed graphite 
and clay with walls 5"™" in thickness also yielded satisfactory 
results, in fact we afterwards restricted ourselves to these 


* Ludwig Holborn and Arthur L. Day, this Journal [4], vol. x, p. 171, 1900. 
Am. Jour. So1.—Fourts Surprises, Vou. XI, No. 62.—Feprvuary, 1901. 
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crucibles entirely, using old ones from which the graphite 
had been burned away where the reducing action was not 
needed. 

The gold was melted under two different conditions, either 
in‘the reducing atmosphere of a graphite crucible, carbonic 
acid gas being also sometimes introduced, or in a double por- 
celain or thick clay crucible (graphite and clay from which the 
graphite had been burned away), in the presence of atmos- 
pheric air and later in an atmosphere of oxygen. The gas 
was introduced into the molten metal through a thin porcelain 
tube, as described in the experiments with silver (previous 
paper Joc. cit.). Under these two conditions, both melting and 
solidifying points were observed. 


TABLE I, 


Date. - MV Degrees. Mean, 
Graphite Crucible. 
June 21....-.. 10194 1063°3 
9°2 M 10197 1063°6 
7°5 F 10194 1063°3 
8'8 M 10197 1063°6  =1063°5° 
.... 6°8 F 10197 1063°6 
8°3 M 10196 1063°5 
6°8 F 10197 1063°6 
M 10195 1063°4 
Graphite Crucible. Atmosphere of CO,,. 
F 10198 1063°6 
8°5 M 10198 1063°6 
70 F 10196 1063°5 1063°5 
8°2 M 10199 1063°7 
6°8 F 10194 1063°3 
7°9 M 10196 1063°5 
Double Porcelain Crucible. 
Jane 27...... 8°0 F 10190 1063°0 
9°0 M 10198 1063°6 1063°3 
7°5 F 10188 1062°8 
9°5 M 10197 1063°6 
‘Double Porcelain (or Clay) Crucible. Oxygen Atmosphere. 
June 29...... F .- 10200 1063°8 
8°7 M 10199 1063°7 
7°0 F 10192 1063°1 
8°5 M 10199 1063°7 
July 6°7 F 10189 1062°9 1063'5 
7°8 M 10195 1063°4 
6°5 F 10193 1063°2 
July 62 - F 10198 1063°6 
7°5 M 10203 1064.1 


= 
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Table I contains the temperature ¢(in microvolts and degrees) 
of the observed solidifying points /’ and melting points J. i 
Under z is contained the number of amperes carried by the H 
oven coil during the observations. if 

The various values of ¢ show no systematic differences and 
the final mean is 1063°5°. 

The forms of the time-curves, some of which are given in ! 
Table II, vary somewhat under the different conditions; the H 
measurements in the oxygen atmosphere being especially con- i 
spicuous in this particular. i 


TABLE II. 
‘“‘Time-Curves ” (MV). 


Gold in Graphite, Gold Copper 
Gold in Graphite. AtmosphereofCO,. Atmosphere of 0. in Air. H 


~ 


Min. F M F M F M F } 
1... 10331 10084 10402 10117 10366 10027 10590 
2... 10261 10150 10346 10166 10276 10074 10470 
3... 10209 10190 10298 10192 10223 10101 10352 ' 
4... 10207 10194 10246 10195 10205 10144 10281 
5... 10208 10195 10200 10197 10201 10170 10217 
6... 10200 10195 10199 10194 10199 10198 10204 j 
7... 10199 10195 10199 10194 10199 10254 10212 
8... 10198 10195 10199 10194 10198 10238 10212 
9... 10197 10197 10198 10194 10196 10222 10212 

10... 10197 10199 10198 10196 10193 10205 10212 ‘ 

11... 10197 10203 10198 10196 10194 10202 10212 i 

12... 10196 10212 10198 10197 10193 10201 10212 i 

13... 10196 10222 10198 10198 10194 10202 10212 

14... 10195 10231 10198 10199 10192 10203 10212 

15... 10194 10240 10197 10200 10191 10203 10212 

16... 10192 10248 10198 10201 10189 10203 10212 


17... 10188 10257 10197 10202 10186 10208 10211 
18... 10178 10272 10197 10205 10184 10216 10210 
19... 10070 10400 10197 10206 10184 10212 10208 
20... 9995 -..-.. 10196 10205 10183 10222 10204 
10196 10209 10174 10230 10195 


10195 10204 10159 10360 10176 


The stationary temperature characteristic of the change of 
state is less well-defined in this case, the temperature in obser- 
vations of the melting point often rising uninterruptedly to a 


i] 
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point somewhat above the melting point and coming back to 
it again afterward. The stirring produced by the gas bubbling 
through the molten metal is not the cause of this phenomenon, 
for the cases where carbonic acid was introduced under like 
conditions do not show it. , 

Farthermore, where the oxygen atmosphere was introduced 
the time-curves are always irregular and often even with 
ordinary air. This suggests the possibility that in these cases 
the melting metal takes on some oxygen. The effect of this 
irregularity upon the melting temperature, however, is small 
and scarcely exceeds the errors of observation. 

From the same gold which had served for the measurements 
in the crucible, several grams were afterward drawn out into 
thin wire 0°25™" in diameter, and used for a series of control 
observations by the wire method which it would be so desirable 
to be able to use in the case of gold. The same thermo-element 
was used for these also, and great care was taken that the two 
wires of the element enclosing the short gold wire be as free 
from strain as possible to avoid rupturing the gold before its 


proper melting point. 
ive observations yielded the following values for the melt- 


ing temperature: 


Sept. 26. 10206 MV 1064°3° 
10197 1063°6 
10203 1064°1 
10199 1063°7 


10198 1063°6 


The mean value, 1063°9°, differs only 0°4° from that obtained 
by the crucible method and only 0°1° from the earlier results 
obtained under the same conditions (see former paper, p. 190) 
in which other gold was used. 

For the calibration of thermo-elements then, the determina- 
tion of the melting point of gold by the wire method is per- 
fectly trustworthy, and only about 0-03 gr. of gold are necessary 
for the determination. 

If for any reason, however, the crucible method be preferred, 
the neighboring melting point of copper in air is well adapted 
for calibrations. Our determination of it was 10649. This 
point, aside from the diminished expense, is more convenient 
to determine than the gold-melting point by the crucible method, 
on account of the greater latent heat of copper. 

Table II contains a time-curve for comparison with the gold, 
which was observed on Oct. 1 with 370 gr. of copper in a 
thin porcelain crucible. The current strength z in the heating 
coil amounted to 5-2 amp., and was smaller than in any experi- 


ment made with gold. 
Charlottenburg, November, 1900, 
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Art. XI.—On some new mineral occurrences in Canada; 
by G. Cur. HorrManny, of the Geological Survey of Canada. 


[Communicated by permission of the Director.] 


1. Lepidolite. 


This species has been found to be a constituent of a coarse 

ranite vein, of very considerable width, on the twenty- 
fifth lot of the seventh range of the township of Waketield, 
Ottawa County, in the province of Quebec. The minerals 
composing this vein consist of white and light smoky-brown 
to brownish-black quartz, pinkish and light to dark verdigris- 
green microcline, a grayish albite having a fine bluish opales- 
cence, and the mica in question, together with some aggrega- 
tions of light purplish crystals of fluorite, and fine crystals of 
black and green tourmaline. The mica occurs in broad folia- 
tions having a rough, distorted hexagonal contour, and which 
in some instances have been found to measure fourteen by 
twenty-eight inches or more across. It has a pearly luster. 
In thin lamine it is transparent and colorless ; in combinations 
of several lamin it exhibits, on a white surface, a fine, light 
purplish color; and in layers of about half an inch in thick- 
ness it has, by reflected light, a rich purplish brown color. 
Before the blowpipe, it fuses easily and with much intumes- 
cence to a light yellowish-brown glass, simultaneously color- 
ing the flame intense carmine-red. Its specific gravity, em- 
ploying the air-pump, at 15°5° C., was found by Mr. R. A. A. 

ohnston to be 2°858, and its analysis afforded him the follow- 
ing results: 


Water (direct estimation) 


Less oxygen, equivalent to fluorine. ---. 


2. Newberyite and Struvite. 


A material corresponding in composition to a mixture 
of these two minerals has recently been obtained from part- 


1:90 
7°41 
10294 
99°82 
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ings resulting from the drying up of the soft material of the 
concentric rings of interglobular spaces in the ivory of the 
tusk of a mammoth which was found at a depth of some fifteen 
feet in a surface bed of dark frozen swamp-muck overlying 
stream-gravels on Quartz Creek, a tributary of Indian River 
which flows into the Yukon some twenty miles south of Dawson 
City, Yukon district, in the Northwest Territory. 

The material occurred in the spaces in question in the form 
of readily removable plates of from one to two millimeters in 
thickness, which were at first colorless and transparent, but, 
on exposure to the air, became white and lost their trans- 
parency. In the closed tube it gives off water and ammonia 
and becomes opaque. When heated before the blowpipe it 
imparts a green color to the inner flame, and fuses at about 
3 to a white enamel which, when moistened with a solution of 
cobalt nitrate and reheated, assumes a beautiful pink color. 
It is slightly soluble in water, and readily and completely so in 
cold, dilute hydrochloric, nitric or sulphuric acid. 

Its analysis afforded Mr. R. A. A. Johnston the following 


results : 
Phosphorus pentoxide -..-.--..------- 38°53 
21°93 


100°00 


These figures afford a ratio closely agreeing with the follow- 

ing formula: 

er? 3H,O) +2(NH,MgPO,+6H,O) +a trace of MgCO, 
ewberyite. Struvite. Magnesite. 


3. Schorlomite. 

A mineral which, as the result of an examination by Mr. 
F. G. Wait, proves to be this species, has been met with, in 
masses of considerable size, as an accessory constituent of the 
nepheline-syenite rocks of Ice River, a tributary of the Beaver- 
foot which flows into the Kicking Horse River, in the Rocky 
Mountains, province of British Columbia. 

It is massive, without cleavage; the color is velvet-black, 
here and there tarnished blue, and occasionally with pavonine 
tints; that of the streak, hair-brown ; the luster is vitreous ; it 
is brittle ; the fracture is irregular, occasionally subconchoidal ; 
it is opaque ; fuses quietly at 3 to a black enamel; has a hard- 
ness of 6°5, and a specific gravity, at 15°5° C., of 3°802. Its 
analysis afforded : 
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These figures do not afford a rational formula. If, however, 
it be assumed that the iron represented as being present in the 
ferrous condition, does not exist in the mineral as such (as 
would appear to be justified by the fact that a very carefully 
conducted qualitative examination failed to afford more than 
the faintest reaction for ferrous iron), but that it resulted from 
an interaction between titanium and iron sesquioxides during 
the process of solution of the mineral (the titanous oxide being 
converted into titanic oxide at the expense of a portion of the 
oxygen of the ferric oxide, with simultaneous formation of 
ferrous oxide), and the above analysis be recalculated in accord- 
ance with this view, we obtain for the composition of the 
mineral : 


which figures afford a formula closely analogous to that re- 
quired for garnet, and according with that now generally 
accepted for schorlomite. 

4. Danalite. 

A few crystals of what has been identified by Mr. R. A. 
A. Johnston as the somewhat rare mineral danalite, have been 
observed by him scattered through the feldspar of a vein-stone 
composed of orthoclase, spodumene, and quartz, which was 
found by Mr. A. P. Low, cutting syenite, on Walrus Island, 
one of a group of islands lying off Paint Hill, east coast of 
James Bay, Ungava district, Northeast Territory. 

The crystals are mostly minute, seldom exceeding a milli- 
meter in diameter; one, however, was found,—and that the 


3°21 
1-22 
100°37 
Titanic oxide 
Alumina 
100°37 


152 Hoffmann-—New mineral occurrences in Canada. 


only one of any appreciable dimensions in some twenty pounds 
of the rock, which measures fifteen millimeters across. It is a 
contact twin of two tetrahedrons, and on some of the faces is 
triangularly marked by successions of crystal growth. On 
some of the more minute crystals the rhombic dodecahedral 
lane—which is striated in the direction of the longer diagonal, 
is largely developed, sometimes obscuring the tetrahedral plane. 
It has a faint yellowish orange-gray (faint yellowish-brown) 
color; is translucent; has a resinous luster; affords a yellow- 
ish white streak ;is brittle, and breaks with a subconchoidal 
fracture. The hardness is 6, and the specific gravity, at 
155° C., 3:25. Before the blowpipe, it fuses at about 5 toa 
black enamel. With soda on charcoal, it gives a slight coat- 
ing of zinc oxide. It is perfectly decomposed by hydrochloric 
acid, with evolution of hydrogen sulphide and separation of 
gelatinous silica. 


5. Spodumene. 


This species has been identified by Mr. R. A. A. Johnston 
as being a prominent constituent of a micaless orthoclastic, 
granitic vein-stone found, by Mr. A. P. Low, in 1899 cuttin 
syenite, on Walrus Island, one‘of a group of islands lying o 

aint Hill, east coast of James Bay, Ungava district, Northeast 
Territory. 

The mineral occurs in more or less well-individualized gray- 
ish green subtranslucent prisms, some of which measure more 
than ten centimeters in length and from eight to ten milli- 
meters in diameter. It has one well-developed prismatic 
cleavage, the luster of which is pearly, while that of the cross- 
fracture, which is an uneven one, is vitreous. The hardness is 
nearly 7. Before the blowpipe, it swells up and fuses at about 
4 to a white glass, imparting at the same time a bright purplish 
red color to the flame. The finely powdered mineral is not 
acted on by hydrochloric acid. 


6. Uranophane. 

A mineral which, on examination by Mr. R. A. A. John- 
ston, proved to be, as anticipated by the writer, uranophane, 
has been found, associated with gummite, uraninite, black 
tourmaline, white, light gray, pale olive-green and bluish green 
apatite, spessartite, monazite, and green and purple fluorite, in 
a coarse pegmatite vein—composed of white and light to dark 
smoky-brown quartz, microcline, albite and muscovite, which 
traverses a gray garnetiferous gneiss on the thirty-first lot of 
the first range of the township of Villeneuve, Ottawa County, 
in the province of Quebec. 


‘ 
= 
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The mineral which, in this instance, is evidently an altera- 
tion-product of gummite, occurs in small bright lemon-yellow 
fibrous masses, sometimes in immediate contact with the gum- 
mite found coating the uraninite or, per se, embedded in the 
albite immediately surrounding the tourmaline and often 
invading the latter. . In the closed tube it blackens and gives 
off water. Before the blowpipe, it affords, with salt of phos- 
phorus, in the oxidizing flame, a yellowish green bead, which, 
on reheating in the reducing flame, assumes a fine green color. 
Warm hydrochloric acid decomposes it, with separation of 
flocculent silica. 
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Art. XII.—On the Spectrum of the more Volatile Gases of 
Atmospheric Air, which are not Condensed at the Tem- 
erature of Liguid Hydrogen.* Preliminary notice by 
8S. D. Livetne, M.A., D.Se., Professor of Chem- 
istry University of Cambridge, and Professor Dewar, M.A., 
LL.D., Fallerian Professor of Chemistry, Royal Institution, 


London. 
[Read before the Royal Society of London Dec. 13, 1900.] 


In August last some tubes were filled at low pressure by an 
improved process with the more volatile gases of the atmos- 
phere. The air was liquefied directly from that above the 
roof of the Royal Institution by contact at atmospheric pres- 
sure with the walls of a vessel cooled below —200° C. When 
about 200° of liquid had condensed, communication with the 
outer air was closed by a stop-cock. Subsequently, communi- 
cation was opened, through another stop-cock, with a secdnd 
vessel cooled by immersion in liquid hydrogen, and a part of 
the liquid from the first vessel, maintained at —210°, was 
allowed to distil into the second still colder vessel. When 
about 10° had condensed in the solid form in the second ves- 
sel, communication with the first vessel was cut off, and a 
manometer showed a pressure of gas of about 10 to 15™™ of 
mercury. 

This mixture of gases was passed into tubes previously 
exhausted by a mercury pump, but before reaching the tubes 
it had to pass through a U-tube immersed in liquid hydrogen 
so as to condense less volatile gases, such as argon, nitrogen, 
oxygen, or carbonic oxide, which might be carried along by 
them. Previous trials with tubes filled in the same way, 
except that the U-tube in liquid hydrogen was omitted, showed 
that these tubes contained traces of nitrogen, argon, and com- 
pounds of carbon. The tubes filled with gas which had passed 
through the U-tube showed on sparking no spectrum of any 
of these last-mentioned gases, but showed the spectra of hydro- 
gen, helium, and neon brilliantly, as well as a great many less 
brilliant rays of unknown origin. In addition, they showed 
at first the brightest rays of mercury, derived, no doubt, from 
the mercury pump by which they had been exhausted before 
the admission of the gases from the liquefied air. After some 
sparking the mercury rays disappeared, probably in conse- 
quence of absorption of the mercury by the electrodes, which 
were of aluminium. 

In one experiment the mixture of gases in the second vessel 
into which a fraction of the liquefied air was distilled as above 


* From an advance proof received from the authors. 
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described,—(the U-tube in liquid by Noyes having been dis- 
pensed with) was pumped out and examined. This mixture 
was found to contain 43 per cent of hydrogen, 6 per cent of 
oxygen, and 51 per cent of other gases—nitrogen, argon, neon, 
helium, ete.—and it was explosive when mixed with more 
oxygen. This shows conclusively that hydrogen in sensible 
proportion exists in the earth’s atmosphere, and if the earth 
cannot retain hydrogen or originate it, then there must be a 
continued accession of hydrogen to the atmosphere (from inter- 
planetary space), and we can hardly resist the conclusion that a 
similar interchange of other gases also must take place. The 
tubes containing the residue of atmospheric gases uncondensed 
at the temperature of liquid hydrogen we have examined 
spectroscopically. 

On passing electric discharges through them, without any 
condenser in the circuit, they glow with a bright orange light, 
not only in the capillary part, but also at the poles, and at the 
negative pole in particular. The spectroscope shows that this 
light consists in the visible part of the spectrum chiefly of a 
succession of strong rays in the red, orange, and yellow, 
attributed to hydrogen, helium, and neon. Besides these, a 
vast number of rays, generally less brilliant, are distributed 
through the whole length of the visible spectram. They are 
obscured in the spectrum of the capillary part of the tube by 
the greater strength of the second spectrum of hydrogen, but 
are easily seen in the spectrum of the negative pole, which 
does not include the second spectrum of hydrogen, or only 
faint traces of it. Putting a Leyden jar in the circuit, while 
it more or less completely obliterates the second spectrum of 
hydrogen, also has a similar effect on the greater part of these 
other rays of, as yet, unknown origin. The violet and ultra- 
violet part of the spectrum seems to rival in strength that of 
the red and yellow rays, if we may judge of it by the intensity 
of its impressions on photographic plates. We were surprised 
to find how vivid these impressions are up to a wave-length 
314, notwithstanding the opacity of glass for rays in that part 
of the spectrum. The photographs were taken with a quartz- 
calcite train, but the rays had to pass through the glass of the 
tube containing the gases. 

We have made approximate measurements of the wave- 
lengths of all the rays which are sufficiently strong to be seen 
easily or photographed with an exposure of thirty minutes, and 
give a list of them below. These wave-lengths are computed 
to Rowland’s scale, and were deduced from the deviations pro- 
duced by two prisms of white flint glass for the visible, and of 
calcite for the invisible, rays. The wave-lengths assigned to 
the helium lines are those given by Runge and Paschen, and 
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some of these lines were used as lines of reference. In general, 
the iron spark spectrum was the standard of reference. 

The tubes when first examined showed the lines of the first 
— of hydrogen vividly, and the earlier photographs of 
the spectrum of the negative pole contained not only the violet 
lines of hydrogen, but also the ultra-violet series as far up as 
337. In order to get impressions of the fainter rays, expo- 
sures of half an hour or more were required, and a succession 
of photographs had to be taken so as to get different sections 
of the spectrum into the middle of the field, where measure- 
ment of the deviations would not be impeded by the double 
refraction of the cale spar. As the light of the negative pole 
only was required, the electric discharge was made continu- 
ously in one direction only, with the result that the hydrogen 
lines grow fainter in each successive photograph, and soon dis- 
appeared altogether. Along with the ultra-violet rays, the 
less veleungiate rays of hydrogen also disappeared, so that no 
trace of the C or F line ea be seen, nor yet of the second 
spectrum, so long as the current passed in the same direction 
as before. Reversal of the current soon made the F line show 
again, so that it seems that the whole of the hydrogen was 
driven by the current to the positive pole. The conditions 
under which this ultra-violet series shows itself are a matter of 
interest. It appears here in the midst of a brilliant spectrum 
due to gases other than hydrogen, and yet it is very difficult to 
obtain a photograph of it when no gas but hydrogen is known 
to be present, or, at least, to become luminous in the electric 
discharge. 

We have had an opportunity of comparing the spectrum of 
the volatile residue of air with that of the more volatile part 
of gas from the Bath spring.. The tube did not’admit of the 
separate examination of the light from the negative pole, but 
was examined end on, so that the radiation probably included 
rays emitted from the neighborhood of the negative.pole. The 
whole of the hydrogen had been removed from the Bath gas, 
but not all the argon. In the spectrum of this gas the rays of 
helium are dominant, decidedly stronger than those of neon, 
although the latter are very bright. In the spectrum of the 
residue of atmospheric air, the proportion of helium to neon 
seems reversed, tor in this the yellow neon line is as much 
more brilliant than the yellow helium line as the latter is the 
more brilliant in the spectrum of Bath gas. All the promi- 
nent lines in the spectrum of the volatile residue of Bath gas 
were also in that of the residue of atmospheric air except the 
argon lines. There were, on the other band, many lines in 
the latter not traceable in the former, some of them rather 
conspicuous, such as the ray at about A 4664. It is, of course, 
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probable that such rays are the outcome of some material not 
contained in the Bath gas. A very conspicuous pair of lines 
appears in photographs of the spectrum of the air residue, at 
about A 3587, which is not traceable in spectrum of Bath gas. 
The helium line, A 3587°4, is seen in the latter spectrum, but 
is quite obscured in the former spectrum by the great intensity 
of the new pair. This helium ray is really a close double, 
with the less refrangible component much the weaker of the 
two, but the new pair are wider apart, and of nearly equal 
intensities; this character also distinguishes them from the 
strong argon line at 1 3588°6. They are, however, very much 
more intense at the negative pole than in the capillary, and it 
will require a good deal more study to determine whether 
these rays, and many others which we have not tabulated, are 
due to the peculiarity of the stimulus at the negative pole, or 
to the presence of a previously unrecognized material. 

As our mixture of gases probably includes some of all such 
gases as pervade interplanetary and interstellar space, we early 
looked in their spectra for the prominent nebular, coronal, and 
auroral rays. Searching the spectrum about A 5007 no indica- 
tion of any ray of about that wave-length was visible in the 
spectrum of any one of the three tubes which had been filled 
as above described. Turning to the other green nebular line 
at about » 4959 we found a weak, rather diffuse line to which 
our first measure assigned a wave-length 4958. The correct- 
ness of this wave-length was subsequently verified by measur- 
ing with a micrometer eye-piece the distances of the line from 
the helium lines 4922-1 and 5015-7 which were in the field 
of view at the same time. The position of the line was almost 
identical with that of the iron spark line \ 4957-8, and the con- 
clusion arrived at was that the wave-length was a little less 
than 4958, and that it could not be the nebular line. There 
remained the ultra-violet line 3727. Our photographs showed 
a rather strong line very close to the iron spark line \ 3727°8, 
but slightly more refrangible. As the line is a tolerably strong 
one it could be photographed with a grating spectrograph 
along with the iron lines. Phis was done, and the wave-length 
deduced from, measuring the photograph was 3727-4. This is 
too large by an amount which considerably exceeds the prob- 
able errors of observation, and we are forced to conclude that 
the nebular material is either absent from our tubes, or does not 
show itself under the treatment to which it has been subjected. 

Although the residual gases of the atmosphere, uncondensed 
at the temperature of liquid hydrogen do not show the nebular 
lines, we found that another tube gave a ray very close indeed 
to the principal green nebular ray. This tube had been filled 
with gas prepared in the same way as the others, with the 
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exception that in passing from the vessel into which the first 
fraction of liquid air was distilled it was not passed through a 
U-tube immersed in liquid hydrogen on its way to the 
exhausted tube. In consequence it contained traces of nitro- 
gen and argon, and when sparked showed the spectra of these 
elements as well as those of hydrogen, helium, ete. The 
nitrogen spectrum disappeared after some sparking, but the 
tube still shows rays of argon as well as those of the gases in 
the other tubes. On examining the spectrum of the negative 
pole in the neighborhood of the principal green ray, a weak 
ray was seen in addition to those given by the other tubes. It 
was found by comparison with the nitrogen rays ) 5002°7 and 
» 5005°7 to be a little less refrangible than the latter of these 
rays, and by measuring its distance from the nitrogen rays and 
from the two helium rays 4932-1 and 5015-7. 

With a micrometer eye-piece, the wave-length % 5007-7 for 
the new ray was deduced. This looks as if we might find the 
substance which is luminous in nebule to be really present in 
the earth’s atmosphere, and we hope shortly to be able to 
verify the observation of it. 

Turning to the coronal rays, our tubes emit a weak ray at 
about A 5304. This is not far from the wave-length A 5303-7 
assigned by Sir N. Lockyer to the green coronal ray. It is, 
however, greater than that assigned by Campbell, namely, 
5303°26.* Other lines observed by us near the places of coro- 
nal lines are at wave-lengths about 4687, 4358, 4570, 4323, 
4232, 4220, 3985, 3800. These are all weak lines except that 
at 14232, which is of tolerable strength, and that at A 4220 
which is rather a strong line. The wave-lengths 4323, 4232, 
4220, and 3800 come very close to those assigned to coronal 
rays, but the others hardly come within the limits of probable 
error. The ray 4220 seems too strong in proportion to the 
others, but the strength of that at 4232 seems to accord with 
the strength of the corresponding ray in the corona. It will 
be seen that the rays we enumerate above correspond approxi- 
mately to the stronger rays in Sir N. Lockyer’s list.¢ Further 
measures of the wave-lengths of the faint lines are needed 
before we can say definitely whether or no we have in our 
tubes a substance producing the coronal rays, or some of them. 

As to the auroral rays, we have not seen any ray in the 
spectrum of our tubes near 4 5571°5, the green auroral ray. 

e have observed two weak rays at 14206 and A 4198 which 
may possibly, one or both represent the auroral ray A 420. 
The very strong ray of argon,  4200°8, would make it prob- 
able that argon was the origin of this auroral ray, if the other, 


* Astroph. J., vol. x, p. 190. 
+ Roy. Soc. Proce., vol. Ixvi, p. 191. 
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equally strong, argon rays in the same region of the spectrum 
were not absent from the aurora. Nor have we found in the 
spectrum of our tubes any line with the wave-length 3915, 
which is that of another strong auroral line. On the other 
hand it seems probable that the strong auroral line, \ 358, may 
be due to the material which gives us the very remarkable pair 
of lines at about the place of N of the solar spectrum, » 3587, 
which are very strong in the spectrum of the negative pole, 
but only faint in that of the capillary part of our tubes. It 
may well be that the auroral discharge is analogous to that 
about the negative pole. We have also a fairly strong ray at 
» 8700, which may be compared to the remaining strong ray 
observed in the aurora A 3700. This, however, is a ray which 
is emitted from the capillary part of our tubes as well as from 
the negative pole, and is, moreover, emitted by Bath gas, and 
may very likely be a neon ray. 

We hope to pursue the investigation of this interesting 
spectrum, and if possible to sort out the rays which may be 
ascribed to substances such as neon and those which are due to 
one or more other substances. The gas from Bath, even if 
primarily derived from the atmosphere—which is by no means 
sure—seems to have undergone some sifting which has affected 
the relative proportions of helium and neon, and a more thor- 
ough comparison of its spectrum. with that of the residual 
atmospheric gases may probably lead to some disentanglement 
of the rays which originate from different materials. The 
arrangement of the rays in series, if that could be done, would 
be a step in the same direction. 

We are indebted to Mr. Robert Lennox, F.C.S., for the 
great help he gave us in the complicated manipulation with 
liquid hydrogen required to fill the spectral tubes, and to Mr. 
J. W. Heath, F.C.S., for kind assistance. 


List of Approximate Wave-lengths of the Rays, Visible and 
Ultra-violet, observed about the Negative Pole. 


The rays of hydrogen and helium, and those attributed to 
neon by other observers are indicated by the chemical symbols 
of those substances : 

A “b” prefixed to the number expressing the wave-length 
indicates that the ray is emitted by gas from the Bath spring 
as well as by that obtained from the atmosphere. 

A “ce” similarly prefixed indicates that the ray has been 
observed to be emitted from the capillary part of the tube as 
well as from about the negative pole. 

A “w™” indicates a weak line; “s” a strong one; “d” a 
diffuse one ; “ vw” a very weak; and “ vs” a very strong one. 
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be He 7281°8 
7247 
7174 
be He 7065°5 
vw 7058 
be Ne 7034 
be Ne 6931 
be Ne 6716 
be Ne 6678°4 
be Ne 6601 
sc He 6563 
be 6535 
be Ne 6508 
vwhbe 6446 
be Ne 6404 
be Ne 6382 
be Ne 6334 
be Ne 6304 
be Ne 6266 
be 6244 
be 6232 
be Ne 6217 
b 6183 
be 6176 
be Ne 6163 
be Ne 6144 
vwb 6128 
b Ne 6097 
b Ne 6075 
b Ne 6031 
b 6001 
b 5991 
wb 5987 
be Ne 5976 
wb 5964 
sdb Ne 5945 
Ww 5919 
Ww 5914 
wh 5905 
be 5882 
be He5d875'9 
vsbe Ne 5852°7 
sb 5820 
sb 5804 
sbe 5763 
be 5747 
be 5718 
be 5689 
whe 5662 
be 5656 


5592 
5561 
5532 
5503 
5447 
5432 
5417 
5409 
5400 
5372 
5360 
5355 
5341 
5330 
5304 
5298 
5234 
5222 
5209 
5204 
5192 
5188 
5152 
5145 
5122 
5116 
5180 


a pair 
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4628 
4616 
4589 
4583 
4576 
4570 
4540 
4538 
4526 
4523 
4518 
4508 
4500 
4488 
44716 
4460 
4457 
4438 
4437°7 
4431 
4429 
4424 
4422 
4413 
4409 
4398 
4392 
4388°1 
4380 
4370 
4365 
4363 
4358 
4347 
4340°7 
4334 
4322 
4315 
4306 
4200 
4276 
4270 
4261 
4258 
4251 
4241 
4234 
4232 
4220 
4218 


| 
b 
vwb 
vw 
| wh = 
vw 
vwb 
b Ne w 
w 
w 
be N 
c Ne | 
be Ne w 
w vs He 
w vw 
b vw 
wb He 
b Ne 
b 
b Ne 
b Ne 
b Ne 
b Ne 
| 5074 b He 
b He 5047°8 
sbe 5038 w 
5031 vw 
b He 5015°7 Ww 
wd 4958 
b He 4922-1 vw 
q vw 4884 sH 
sc H 4861°5 w 
vwb 4838 vw 
4 vw 4819 vw 
4 vwb 4811 vw 
4 wd 4791 Ww 
j wd 4754 
b Ne 4715 w 
b Ne 4710 Ww 
i b Ne 4704 w 
q Ww 4687 
w 4680 
wb 4657 
w 4647 
‘ wb 4640 
1 w 4636 w 
+ 
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4206 3766 3460 
4198 3754 3456 
4176 8751 3454 
4169°1 3745 3447: 
4151 3738 3429 
4143°9 3735 3424 
4134 3728 3418 
4131 3722 3417 
4128 $721°5 3407 
4121 3713 3404 
4112 8710 3393 
4102 3705°2 3388 
4099 3703 3378 
4086 3701 3374 
4080 3694 3372 
4063 3686 3370 
4047 3683 3367 
4043 3664 3363 
4037 3655 3362 
4026°3 3651 3360 
4009 3650 3358 
3996 3644 apair bHe 3354°7 
vw 3985 3634 a pair 3345 
vw 3980 3628 3344 
sc He 3970 3613°8 3335 
s He 3964°9 w 3609 3329 
vw 3933 3600 3327 
?b? He 3927 3593 3324 
3905 3587°5 a pair 3319 
3900 3575 3315 
vsbe He 3888°8 3571 3313 
whe? He 3872 3569 3311 
be He 8867°6 3561 3310 
8866 3558 8297 
3862 vwb 3548 3254 
3860 3543 3250 
3856 vscb 3521 3244 
3842 be 8515 3233 
3840 wbe 3510 3230 
3836 Ww 3504 3225 
3830 , be 3500 3218 
3819°75 be? He 3598 3214 
3806 3482 3209 
3800 3481 3199 
3798 3473 3187: 
3777 3467 3165 
3770 3464 3142 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuysiIcs. 


1. Diethyl Peroxide.—BatyER and have succeeded 
in preparing this interesting derivative of hydrogen peroxide by 
the action of the latter upon diethyl sulphate with the gradual 
addition of potassium hydroxide. The substance, (C,H,),0,, is a 
colorless, mobile liquid, boiling at 65°, which does not solidify in 
a mixture of solid carbon dioxide and ether. It is difficultly solu- 
ble in water, but miscible with alcohol and ether. It has a faint 
odor resembling ethyl bromide, and its specific gravity at 15° 
compared with water at 4° is ‘8273. In its chemical behavior it 
is remarkably inactive for a peroxide. It does not react with 
permanganate, chromic acid or titanium sulphate. Acidified 
potassium iodide solution is not changed by it until after long 
standing. Metallic sodium has no action upon the pure sub- 
stance, and sodium amalgam in the presence of water does not 
reduce it. Alkaline pyrogallate solution is not darkened by it 
until after long standing, when an intense color is produced and 
alcohol is formed. The substance, like all peroxides, is quickly 
reduced by the action of glacial acetic acid and zine dust, the 

roduct being alcohol. The low kindling-point of the substance 
is very striking. If the bulb of a thermometer warmed to 250° 
is brought near the liquid, it ignites and burns very rapidly but 
noiselessly with a large, luminous flame. Carbon disulphide 
under the same conditions could not be kindled until a tempera- 
ture of 300° was reached. If a hot copper wire is brought near 
the liquid for an instant in an atmosphere of carbon dioxide, the 
substance disappears very quickly after the wire is removed with- 
out producing sound or light, aa without boiling. This is appar- 
ently a sort of slow explosion, which is almost magical in the 
impression made upon the observer. This internal combustion 
produces a large amount of formaldehyde, and, besides this, prin- 
cipally carbon monoxide and ethane. A mixture of the vapor of 
the substance with air explodes with violence, while with oxygen 
it explodes more strongly than detonating gas. The authors 
were unable to explode the liquid by the blow of a hammer even 
when fulminating silver was present, but it is their opinion that 
this apparently harmless substance may be very dangerous under 
certain conditions, just as acetylene is. 

The properties of diethyl peroxide indicate that the older struc- 
tural formula for hydrogen peroxide, HO. OH is more probable 
than a newer one that has been advanced, H,:O: 0, in which one 
of the oxygen atoms is assumed to be quadrivalent. For, if the 
ethyl compound had a structure analogous to the latter it seems 
probable that its reduction product would be ethyl] ether instead 
of alcohol; moreover it would be expected that (C,H,),0: 0 
would act upon alkaline pyrogallate as rapidly as molecular 
oxygen, 0:0. 
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In preparing the compound that has been described the authors 
obtained a second substance which they had not yet been able to 
urify. They are convinced, however, that it is mono-ethylated 
as peroxide, C,H,HO,. This substance is miscible with 
water, has an odor similar to chloride of lime, does not act upon 
acidified permanganate or dichromate solutions, but behaves like 
hydrogen peroxide with potassium iodide solution.— Berichte, 
xxxiii, 3387. H. L. W. 

2. Ammonium Amalgam.—It has been recently shown by 
Atrrep Corsn that this well known, curious substance, which 
swells up and gives off ammonia and hydrogen gases, is in all 
probability what its name implies. It was found that at about 
0° the ammonium amalgam produced by electrolysis is compara- 
tively stable, does not swell up, and presents a perfectly metallic 
appearance. When the amalgam under these conditions was 
allowed to act upon a cooled copper sulphate solution, the for- 
mation of metallic copper was readily seen, exactly as when potas- 
sium amalgam is oa. It was possible also to reduce cadmium 
and even zinc from solutions of their sulphates by means of this 
amalgam. No such striking evidence of the fact that ammonium 
behaves like an alkali metal has been previously obtained, as sim- 
ilar experiments have failed at higher temperatures.—Zeitschr. 
anorg. Chem., xxv, 430. H. L. W. 

3. Hydrogen Telluride.—This gas which was discovered by 
Davy in 1810, has not heretofore been prepared in a pure condi- 
tion, although its composition, corresponding to the formula 
TeH,, had been established by indirect means. Ernyzr has 
recently succeeded in preparing the pure substance. He first 
obtained the gas mixed with only a small quantity of hydrogen 
by means of electrolysis carried out at a temperature of —15 to 
—20°, using tellurium as a negative electrode in 50 per cent sul- 
phuric acid with a current of 220 volts. By cooling the impure 
product with solid carbonic acid the hydrogen telluride solidified 
to lemon yellow needle-like crystals which melted at about —54° 
to a greenish-yellow liquid. Hydrogen telluride is a colorless gas 
— a very disagreeable odor and poisonous properties. 
n contact with air it decomposes at once, and even below 0° in a 
sealed tube it decomposes spontaneously into hydrogen and tellu- 
rium in a few days. It burns with a bright, blue flame, and is 
rather soluble in water. When passed into alkaline solutions it 
forms tellurides, but in solution of salts none are formed. The 
last statement corrects a generally accepted error. The vapor 
density of the pure substance determined by the method of 
Dumas gave the numbers 65°48 and 64°72 compared with hydro- 
gen as unity, while theory requires 64°8. In making these deter- 
minations it was found that the liquid evaporated very slowly at 
0°, but at 2 or 3° it went faster, The boiling point, therefore, is 
probably a little above 0°.—Zeitschr. anorg. Chem., xxv, 311. 
H. L, W. 
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4. The Conductivities of some Double Salts as Compared with 
the Conductivities of Mixtures of their Constituents.—F. Linpsay 
has made a series of experiments from which he draws the con- 
clusion that the conductivity of a double salt in concentrated 
solution is slightly less than that of a mixture of the constituents 
having the same concentration. In other words, he infers that it 
makes a difference in conductivity whether the constituents of a 
double salt have been in actual combination in the solid state or 
not before they are dissolved. The work, coming as it does from 
the laboratory of Professor H. C. Jones of Johns Hopkins Uni- 
versity, deserves careful attention, but the conclusions are so 
incredible that it seems easier to assume that the results are due 
to experimental errors than that they are true. It must be ad- 
mitted that the work was evidently done with great care, and that 
three different double salts gave differences in the same direction ; 
but these differences are small, and the results, being entirely con- 
trary to the modern ideas of equilibrium in solution, will hardly 
gain general acceptance without the most convincing confirma- 
tion.— Am. Chem. Jour., xxv, 62. H. L. W. 

5. Cause of the Loss in Weight of Commercial Platinum 
when Heated.—Having observed unusual losses in the weights of 
platinum crucibles upon the introduction of blast from a blowing- 
engine into a new laboratory, R. W. Hatt has made some import- 
ant observations on the subject. He finds that strongly oxidiz- 
ing flames greatly increase this loss. Where a crucible was 
placed high up in a blast-lamp flame the loss was 1:0 mg. per 
fifteen minutes, while lower down where the temperature was 
higher the loss was only one-fourth as great. The author does 
not find that the loss decreases after repeated ignition, as has 
been previously supposed, and various kinds of crucibles, old and 
new, of soft, comparatively pure platinum, and one of platinum- 
iridium alloy gave about the same results. Experiments were 
made by heating platinum wires by means of an electric current 
in a glass tube through which various gases were passed. Carbon 
monoxide, carbon dioxide and hydrogen gave little or no losses, 
while in air and oxygen the loss of platinum was very rapid, and 
mirrors were produced in the tube. An examination of one of 
the mirror-like deposits showed that the volatilized metal does 
not dissolve in aqua regia as rapidly as the original wire, hence 
it is inferred that certain elements are fractioned out of the 
impure platinum. As an explanation of the results, the sugges- 
tion is made that a volatile oxide of platinum is formed.—/our. 
Am. Chem. Soc., xxii, 494. H. L. W. 

6. An Elementary Treatise on Qualitative Chemical Analysis ; 
by J. F. Seriers. 12mo, pp. vii, 160, Boston, 1900 (Ginn & 
Company).—The author of this little book has aimed to avoid 
the two extremes of fullness and brevity. His objection to the 
latter in books where the material is condensed into “ tables” 
and “schemes” is undoubtedly well founded, and these unde- 
sirable features are avoided. The practical part has been care- 
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fully worked out and is concise and brief enough for use in a 
very short course on the subject. Several “improved” methods 
have been introduced, some of which probably will not be as 
satisfactory to most teachers as those generally used. The 
introductory part of the book, comprising nearly half of it, seems 
to be somewhat overdone in fullness. It is difficult to believe 
that young pupils should study spectroscopy, including spark- 
spectra, before beginning qualitative analysis. The introduction 
of the “dissociation theory of solutions” is a step in the right 
direction, but the rather elaborate treatment here will certainly 
be far beyond the comprehension of the beginner who has no 
knowledge of analytical facts. The table of solubilities, which is 
also included in the introduction, contains a number of serious 
errors: for instance, lithium fluoride and phosphate are given as 
soluble in water. H. L. W. 

7. Die Bedeutung der Phasenlehre ; by Dr. H. W. Baxuuts 
RoozeBoom. 8vo, pp. 29. Leipsic, 1900 (Wilhelm Engelmann). 
—This lecture is a most excellent presentation of the Gibbs 
Phase Rule. Perhaps no one is better qualified to treat this sub- 
ject than Roozeboom who has done so much experimental work 
on it. The application of the rule to various cases of equilibrium 
is taken up in a very clear elementary manner, with sugestions as 
to its possible future application in geology and physiology. The 
article is most heartily recommended to those who wish to take 
up the subject. H. W. F. 

8. On the Visibility of Hydrogen in Air.—Lord Ray rien 
has resumed some experiments begun in 1897 on the presence of 
hydrogen in air, prompted by some late results obtained by M. 
Gautier who, working by chemical methods, finds that air nor- 
mally contains about 75%5,5 of hydrogen in addition to variable 
amounts of hydrocarbons. It appeared important to test these 
results by spectroscopic analysis and the author relates his experi- 
ence in endeavoring to get rid of the hydrogen which came from 
the tubes and the drying materials employed. The visibility of 
the C line with ordinary air was not perceptibly diminished by 
the passage of the air over red hot cupric oxide. Lord Rayleigh 
had previously found that hydrogen introduced into nitrogen 
could be so far removed that the weight remained unaffected 
although ;y,h5y. of the residual hydrogen might be expected to 
manifest itself. Lord Rayleigh concludes that the experiments 
of Gautier are not above doubt, since it is not stated whether he 
properly estimated the gas which might have come from the walls 
of his apparatus. The paper also contains a method of showing 
the presence of argon at atmospheric pressure in very small quan- 
tities of air, and also a method of concentration of helium in the 
atmosphere.—Phil. Mag., January, 1901, p. 100-105. J. ©. 

9. Wireless Telegraphy.—Professor Stasy and Count Arco 
have lately conducted experiments on communicating with dif- 
ferent stations at the same time, and believe that they have over- 
come previous difficulties. They have communicated with two 
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stations distant two miles and eight miles from the conference 
room of the General Electric Company in Berlin. Two instru- 
ments were used, both of which were connected to the lightnin 

conductor in the neighborhood. One instrument syntonized with 
that in the laboratory of Charlottenburg, the other with that 
in the works at Ober Schénweide. The greater part of Berlin 
separated the conference room from one of the stations with 
which successful messages were exchanged.—Wature, Dec. 27, 
1900. J. T. 

10. The Telegraphone.—V. PovutsEen discusses with figures his 
very interesting invention. A small electromagnet connected 
with a microphone is moved along on aniron wire while a message 
is spoken into the microphone. Subsequently the microphone is 
removed and a telephone, having been substituted for it, the 
electromagnet not traversed by a current is again moved over 
the iron wire and the message is reproduced.—Ann. der Physik, 
No. 12, 1200, pp. 754-760. 

11. On the properties of Argon and its Companions.—In a paper 
read before the Royal Society on November 13, by W. Ramsay 
and M. W. Travers, after detailing the methods employed for 
obtaining a supply of the gases associated with argon, the 
authors give an interesting summary of their properties and with 
this a statement in regard to their place in the periodic scheme. 
We quote as follows: 

“That these are all monatomic gases was proved by deter- 
mination of the ratio of their specific heats by Kundt’s method; 
the physical properties which we have determined are the refrac- 
tivities, the densities, the compressibilities at two temperatures, 
and of argon, krypton and xenon the vapor-pressures and the 
volumes of the liquids at their boiling points. ‘The results are as 
follows — 

Helium. Neon. Argon. Krypton. Xenon 
‘Refractivities (Air = 1)... 0°1238  0°2345 0-968 1-449 2°364 


Densities of gases (0 = 16) 1°98 9°97 19°96 40°88 64 
Boiling-points at 760 mm ? 86°9° 121:33° 163°9° 
abs. abs. abs. 
Critical temperatures. - - - ? below 68° 155°6°  =210°5° 287-7° 
abs. abs. abs. abs. 
Critical pressures ? 40°2 41°24 43°5 
meters meters meters 
Vapor-pressure ratio ? 00350 0°0467 0°0675 
Weight of 1 c.c. of liquid. 1°212 27155 3°52 
? grams grams grams 
Molecular volumes ------- ? ? 32°92 37°84 36°40 


The compressibilities of these gases also show interestin 
features. They were measured at two temperatures—11°2° an 
237°3°; the value-of PV for an ideal and perfect gas at 11°2° 
is 17,710 meter-cubic centimeters, and at 237°3° to 31,800. This 
is, of course, on the assumption that the product remains constant 
whatever be the variation in pressure. Now with hydrogen at 
11:2° C. the product increases with the rise of pressure; with 
nitrogen, according to Amagat, it first decreases slightly and then 
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increases slightly. With helium the increase is more rapid than 
with hydrogen; with argon there is first a considerable decrease 
followed at very high pressures by a gentle increase, although the 
product does not reach the theoretical value at 100 atmospheres 
pressure; with krypton the change with rise of pressure is a still 
more marked decrease, and with xenon the decrease is very sud- 
den. At the higher temperature the results are more difficult to 
interpret; while nitrogen maintains its nearly constant value for 
PV, helium decreases rapidly, then increases, and the same pecu- 
liarity is to be remarked with the other gases, although they do 
not give the product of PV coinciding with that calculable by 
assuming that the increase of PV is proportional to the rise of 
absolute temperature. 

These last experiments must be taken as merely preliminary ; 
but they show that further research in this direction would be 
productive of interesting results. 

The spectra of these gases have been accurately measured by 
Mr. E. C. C. Baly, with a Rowland grating; the results of his 
measurements will shortly be published. It may be remarked, 
however, that the colour of a neon-tube is extremely brilliant and 
of an orange-pink hue; it resembles nothing so much as a flame, 
and it is characterized by a multitude of intense orange and yellow 
lines; that of krypton is pale violet; and that of xenon is sky- 
blue. The paper contains plates showing the most brilliant lines 
of the visible spectrum. 

That the gases form a series in the periodic table, between that 
of fluorine and that of sodium, is proved by three lines of argu- 
ment : 

(1) The ratio between their specific heats at constant pressure 
and constant volume is 1°66. 

(2) If the densities be regarded as identical with the atomic 
weights, as in the case with diatomic gases such as hydrogen, 
oxygen, and nitrogen, there is no place tor those elements in the 
periodic table. The group of elements which includes them 
18 


Hydrogen. Helium. Lithium. Beryllium. 
1 4 7 
Fluorine. Neon. Sodium. Magnesium. 
18 23 24 
Chlorine. Argon. Potassium. Calcium. 
35°5 40 39 40 


Bromine. Krypton. Rubidium. Strontium. 


(3) These elements exhibit gradations in properties such as 
refractive index, atomic volume, melting-point, and boiling-point, 
which find a fitting place on diagrams showing such periodic 


* For arguments in favour of placing hydrogen at the head of the fluorine 
group of elements, see Orme Masson, Chem. News, vol. 73, 1896, p. 283. 


80 82 85 87 
Todine. Xenon. Cesium. Barium. 
127 128 133 137 
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relations. Some of these diagrams are reproduced in the original 
paper. Thus the refractive equivalents are found at the lower 
apices of the descending curves; the atomic volumes, on the 
ascending branches, in appropriate positions; and the melting 
and boiling points, like the refractivities, occupy positions at 
the lower apices. 

Although, however, such regularity is to be noticed, similar to 
that which is found with other elements, we have entertained 
hopes that the simple nature of the molecules of the inactive 
gases might have thrown light on the puzzling incongruities of 
the periodic table. That hope has been disappointed. We have 
not been able to predict accurately any one of the properties 
of one of these gases from a knowledge of those of the others ; 
an approximate guess is all that can be made. The conundrum ot 
the periodic table has yet to be solved.” —Proc. Roy. Soc., No. 439. 

12. Studies from the Yale Psychological Laboratory ; edited by 
Epwarp W. Scrirrurr, Ph.D., Director. Volume VII, 1899, 
pp. 1-108. Yale University, New Haven, Conn.—This volume, 
which is issued from the Yale Psychological Laboratory, contains 
an interesting paper by Dr. Scripture (pp. 1-101) giving the 
result of a first series of researches in experimental phonetics. 
The immediate question before the experimenter, as stated by 
him, was as to the possibility of using laboratory methods to 
settle the controversy in regard to the quantitative character of 
English verse. Records of verses in English poetry were made 
by means of a gramophone and were transcribed with great care 
by the use of delicate apparatus. The results are discussed in 
detail as to the character of the vowel- and consonant-sounds and 
their physiological explanation, also as to the nature of the 
rhythm. <A second paper (pp. 102-108), also by Dr. Scripture, 
gives observations on rhythmic action. 


II. AND MINERALOGY. 


1. The Periodic Variations of Glaciers.—Professor F. A. 
Foret, in a lecture before the Helvetic Society of Sciences at 
Thusis, in September, 1900, gave an interesting summary of his 
views in regard to the variations in length of glaciers, particu- 
larly as applied to those of Switzerland. He notes, in the first 
place, that the variation that takes place is really one of volume 
and not of form, though the observation of one dimension, 
as that of length, is usually sufficient in the discussion of 
the phenomenon. In regard to the changes that have taken place 
during the nineteenth century, he notes a decided phase of 
advance between 1816 and 1820; a maximum recognized every- 
where in 1855, and a general recession from 1856 to the end 
of the century, with a small partial advance between 1875 and 
1893. This is shown more definitely in the following table. 
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1800-1811 ? 

1811-1816 (1822) Advance. 

1818-1820 Grand maximum. 

1820-1830 Slight recession, uncertain. 
1830-1850 Contradictory movements. 

1855 Maximum. 

1856-1900 Recession. 

1875-1892 Advance for some Swiss glaciers. 
1890-1900 Same for some Austrian glaciers. 


In regard to the duration of the periodic movement in general, 
there are to be recognized two distinct periods. First, the 
annual, caused by the fact that during the winter months no 
melting takes place, and the state of the glacier is stationary ; the 
advance, consequently, continues, so that there is a temporary 
increase between October and April or May. During tie sum- 
mer months, however, the melting predominates and a decrease 
shows itself. This annual period causes in one case an accelera- 
tion, in another, a retardation, of the general variation going on, 
whatever that may be. 

There is also a cyclic period, the duration of which is not easily 
established, but which the author connects with the thirty-tive- 
year climatic period called the Cycle of Briickner. Thus, in 1889, 
after considering all the facts available, he arrived at the conclu- 
sion that the average value of the phase of increase was 10°5 
years, that of decrease 27°4 years, or together 37°9 years for the 
entire period. This conclusion was also reached by E. Richter 
(1891) after discussing the observed maxima from 1600 down to 
1840-50. Forel, however, is inclined to regard the actual periodic 
relations as much more complex. He would divide the Swiss 
glaciers for the nineteenth century into three classes. First, 
those with a single period, like that of the Aar, with a maximum 
about 1870; second, those of two periods, as the Rhéne, maxi- 
mums 1820, 1855; and finally, those of three periods, as the Trient 
and des Bossons, with maximums 1820, 1855, and 1892. While 
the glacial increase in general is due to an excess of precipitation, 
the period coinciding probably with the Briickner cycle, the 
actual advance must depend upon the length of time which the 
snow-fall requires in its journey from the upper névé regions to 
the glacial front, varying for glaciers of different length. The 
actual effect observed will be modified by the temperature condi- 
tions existing. The author adds that the minimum state is to be 
regarded as the normal magnitude for the glacier, the forward 
impulses being, as it were, accidents.— Bibl. Univ., Nov. 15, 1900. 

In this connection, attention may be called to the 5th Report 
(for 1899) on the periodic variations of glaciers by E. Richter, 
President of the International Commission of Glaciers (see this 
Journal, ix, 71). In this report (Bibl. Univ., July 1900,) it is 
noted that for the Swiss glaciers the phase of advance which 
began about 1875, has spent its force, so that now, for 1899, only 
one glacier (Boveyre, Rhéne) is certainly and only nine others 
probably advancing: which nineteen are certainly, and fort y-four 
probably, retrograding. 
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2. Contributions to the Tertiary Fauna of Florida, with 
especial reference to the Silex Beds of Tampa and the Pliocene 
Beds of the Caloosahatchie River, including in many cases a 
complete revision of the Generic Groups treated of and their 
American Tertiary Species; by Heatey Dat. Trans- 
actions of the Wagner Free Institute of Science of Philadelphia, 
vol. iii, Part v, pp. 949-1218 ; plates xxxvi-xlvii. Philadelphia, 
December, 1900.—The present Part, No. V, of Dr. Dall’s import- 
ant contributions to the Tertiary of Florida, includes the genera, 
from Solen to Diplodonta, of the order Teleodesmacea. It carries 
the whole so far on towards completion that it is expected that 
the entire work will be finished in another installment. This 
part has all the admirable characteristics in substance and method 
of presentation that have marked its predecessors. The careful 
and minute critical labor which is recorded here must serve to 
restore order in the case of a number of groups in which the 
nomenclature has been hitherto much confused. In addition to 
the description of the well-known species included within these 
limits, a very considerable number of new species are given. 
The illustrations given on the plates with which the part closes 
are worthy of the descriptive portion of the work and leave 
nothing to be desired. 

3. record of the Geology of Texas for the decade ending 
December 31, 1896 ; by Freprric W. Sivonps. (Ex. Trans. 
Acad. Sci., Vol. III.) Pp. 1-280. 1900.—The value of this 
Index is greatly increased by the brief summary of contents of 
each of the volumes cited. It supplements Bulletin 45 of the 
U. 8. Geological Survey (The Present Condition of Knowledge 
of the Geology of Texas, by Robert T. Hill, 1887), bringing the 
record down to the close of 1896. w. 

4. Geological Survey of Canada ; G. M. Dawson, Director. 
General index of the Reports of Progress, 1863 to 1884, (com- 
piled by D. B. Dowling). Pp. 1-475. 1900.—The Reports of 
the Geological Survey of Canada prior to 1863, were condensed 
and summarized in the Geology of Canada, 1863. The present 
index begins with this volume of 1863 and includes the volumes 
published up to the Reports of Progress for 1882, 1883, 1884, 
published in 1884. Its usefulness is apparent. Since 1884 
“ Annual Reports” have been published having their own indices. 
Special publications and paleontological and botanical reports of 
the Geological Survey are not indexed in this volume. w. 

5. Report on the Geology and Natural Resources of the 
Country traversed by the Yellow Head Pass Route from Edmon- 
ton to Téte Jaune Cache, comprising portions of Alberta and 
British Columbia ; by James McEvoy. Pp. 1-44 D, Pi. I-II, 
figs. 1-2, 1 map. 1900.—In the region traversed by Mr. McEvoy 
the following formations were met with : 
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Tertiary ........Paskapoo beds 
Edmonton beds t Laramie 
ao Pierre and Fox Hill 


Devono-Carboniferous 


Castle Mt. Group 
Cambrian ....... Bow River Series 
Archean ...... .Shuswap Series w. 


6. Mesozoic Fossils, Vol. I, Pt. TV. On some additional or 
imperfectly understood fossils from the Cretaceous rocks of the 
Queen Charlotte Islands, with a revised list of the species from 
these rocks; by J. F. Wuirzaves. Pp. 263-307, pl. 33-39. 
1900.—In addition to making a thorough revision of the Cre- 
taceous faunas of the Queen Charlotte Islands, the author par- 
ticularly discusses the fauna of the “lower shales,” describing 
several new species, w. 

7. The Geology of the Albuquerque Sheet ; by C. L. Herrick 
and D. W. Jounson. From the Bull. Sci. Lab., Denison Univer- 
sity, Vol. xi, pp. 175-239, folded map and plates xxvii-Iviii. 
June, 1900. Edited by W. G. Tight.)—The authors present in 
this paper a detailed account of their study of the Albuquerque 
region, as a sample of the geology of the Territory of New Mex- 
ico. They give descriptions of the species, some of which are 
new, and figures of the old species are reproduced from Bulletin 
106, of U. S, Geological Survey. It furnishes a valuable sum- 
mary of the local geology, correlated and compared with stand- 
ard sections of other regions. H. 8. W. 

8. I Vulcani dell’ Italia Centrale. Parte I, Vuleano Laziale; 
by V. Sasatini. Vol. X of Memorie descrittive della Carta 
Geologica Italiana. 8vo, pp. 392, pl. 11. Rome, 1900.—This, 
the first of a projected series of monographs on the volcanoes of 
central Italy, is a careful and detailed study of the complex of 
eruptive vents and the materials of which they have been built 
up. The author distinguishes five distinct craters, the oldest 
being the largest (Tusculan), and the latest that of Ariccia. The 
extensive deposits of tuff in the Roman Campagna are described 
at length, and the vexed question of their age and order of suc- 
cession discussed. The earliest manifestations of activity appear 
to have been about the end of the Pliocene. Detailed petrograph- 
ical descriptions are given of the tuffs and lavas, among the 
interesting features being the growth of leucite crystals and their 
alteration to feldspar. A few new analyses are given of the leu- 
citites and leucite-tephrites, but it may be regretted that the author 
did not devote more space to a discussion of the relationships of 
these interesting rocks. A number of good phototypes and a 
colored plate of rock sections, together with a geological map on 
a scale of 1:75000, adorn the volume, which is an important addi- 
tion to the literature of Italian geology. H, 8S. WASHINGTON. 

9. Occurrence of Zoisite and Thulite near Baltimore.*—These 


* From notes by the late John W. Lee furnished by Prof. A. W. Bibbins of 
Baltimore. 
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minerals were found for the first time in Maryland in May, 1895, 
in a pegmatite dike, in the quarry of hornblende schist operated 
by Alphaeus H. Wright on Stony Run, east of Hampden. The 
gangue is white feldspar (oligoclase) together with mica, com- 
pact garnets in mass, tale, etc. They occur in the cracks and 
veins of the oligoclase as thin crusts, mostly in radiated crystals, 
isomorphous with epidote, with which it is intimately associated. 
The epidote has a brighter luster than the Jones Falls specimens 
in general. 

he thulite is bright pink, shading off into light pink and light 
orange, clear and glassy. The crystalline form of the zoisite is 
identical with that of the thulite. It is gray, shading into the 
light and dark green of the epidote. There is room for question 
whether this should not also be regarded as thulite. Foliated, 
stellated and granular tale also occur, occasionally changing to 
deweylite. Bright iron pyrites is also often met with. The 
quartz has yielded a single crystal of beryl of good size and 
color—a rarity in Maryland. 

Harris gneiss quarry on Jones Falls has yielded a large quan- 
tity of epidote but all of one color—dark bottle-green, but the 
slightest tint of pink or gray or intermediate colors has never 
appeared here, though the two localities are scarcely half a mile 


apart. 


III. SCIENTIFIC INTELLIGENCE. 


1. The Transcontinental Triangulation and the American 
Are of the Parallel ; by Cuas. A. Scuort, Chief of the Comput- 
ing Division. Pp. 871, with 2 maps and 55 illustrations; 4to. 
Washington, 1900. (United States Coast and Geodetic Survey, 
Henry 8. Pritchett, Superintendent. General Publication, No. 
4).—The work of transcontinental triangulation began in 1871. 
Its completion in 1900 “marks an epoch not only in the scientific 
history of the United States but in the world’s Geodesy as well.” 
We have now a continuous triangulation along the 39th parallel 
from the Atlantic to the Pacific 2,625 miles in length. Its value 
to the sixteen states embraced by it need not be explained. Its 
value from a scientific standpoint consists in the great addition it 
offers to the data necessary for the accurate determination of the 
earth’s shape and size. No contribution to geodesy of equal 
magnitude has ever been made, that most nearly comparable 
being the measurement of the great Indian are. 

Its main result may be summarized in the statement that the 
curvature of the North American continent along the 39th paral- 
lel given by it is intermediate between that of the Bessel and 
the Clarke spheroids. The accuracy of this deduction is evi- 
denced by the fact that the probable error in the measured length 
of the entire arc of 4,224 kilometers is 26 meters, while the dif- 
ference on the spheroids of Clarke and Bessel for the same arc is 


615 meters, 
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The entire triangulation is divided into three sections: the 
western of 1,047 miles characterized by the great altitude of its 
stations, many of them over 12,000 feet, and the unusual size of its 
triangles, many of the sides being over 100 miles long and not a 
few over 150 miles long ; the central section of 756 miles from 
Colorado to St. Louis, with low stations and small triangles ; and 
the eastern section of 822 miles, terminating at the Capes of the 
Delaware and marked by small but diversified hypsometric 
features. During the progress of this work, and in many cases 
resulting from it, new methods have been introduced and great 
gains have been achieved both in precision and rapidity of execu- 
tion. Among the special problems met with may be mentioned 
the changed conditions in attractive and centrifugal force found 
at the great altitudes of the western stations, the variations in 
refraction between stations of very different altitudes, the develop- 
ment of new formule for spherical excess and the special treat- 
ment of geographical positions requisite in triangles whose sides 
are as long as 180 miles, as well as mechanical questions involved 
in mounting instruments 150 feet above the ground and erecting 
observing poles 275 feet high. 

Most difficult of all and requiring the qualities of a great gen- 

eral is the orderly marshalling of the vast bulk of material of 
observation and the utilization of it to the best effect. The 
responsibility for this task has fallen chiefly on Mr. C. A, Schott, 
who has been in active service in the bureau for more than 50 
years. W. B. 
2. Astronomical Observatory of Harvard College.—The Fifty- 
fifth Annual Report of the Director of the Harvard Astro- 
nomical Observatory, Prof. E. C. Pickering, in addition to the 
usual summary of work accomplished, gives an interesting 
statement of the present needs of the institution. It appears 
that the annual income of the Observatory is now nearly $50,000, 
which puts it on an equal footing with the chief observatories of 
the world ; but, notwithstanding, the shrinkage in interest rate 
makes an additional sum of $200,000 necessary if the income of 
six years ago is to be secured permanently. Furthermore, new 
and fire-proof buildings at Cambridge are urgently needed; a 
large telescope mounted in the Southern Hemisphere would also 
prove a most valuable means of carrying on important work 
which cannot be provided for at present. Thus a sum of half a 
million dollars is needed to keep the Observatory in the foremost 
rank. Attention is also called to a considerable series of unpub- 
lished investigations which, if completed, would fill twenty-eight 
volumes, or two-thirds as many as have been published by the 
Observatory during its existence of the past fifty years. A 
moderate expenditure for additional computers would make 
prompt publication of this material practicable. 

Volume xxxvii, Part I, of the Annals of the Observatory has 
recently been issued. It contains observations of circumpolar 
variable stars during the years 1889-1899, prepared for publica- 
tion by Oliver C. Wendell, Assistant Professor of Astronomy. 
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3. Norway ; Official Publication of the Paris Exhibition, 1900. 

Pp. xxxiv, 626. Christiania, 1900.—This beautiful volume, pre 

ared for the occasion of the Paris Exhibition of 1900, deserves 
a fuller notice than would be appropriate in this place. It con- 
tains a series of articles by able writers discussing this most 
interesting country in all its features, scientific, political, eco- 
nomic, educational, and artistic. These chapters are liberally 
illustrated by an abundance of excellent plates. An interesting 
though brief summary of the geology of the country, with a geo- 
logical map, is given by Professor H. H. Reusch; other scientific 
egy are those on the climate by Axel Steen; on the plant life 

y H. H. Gran; on the animal life by James A. Grieg. The 
text has been translated into good English and the volume as a 
whole will be found to have permanent value as a useful book of 
reference. 

4, American Museum of Natural History.—It has been 
recently announced that through the generosity of a donor whose 
name is for the present withheld, the collections of minerals and 
meteorites belonging to Mr. Clarence S. Bement of Philadelphia 
have become the property of the American Museum of Natural 
History in Central Park, New York City. Mineralogists are 
well aware of the very remarkable excellence of the Bement col- 
lections, representing as they do the earnest labors, extending over 
a period of many years, of a collector of indefatigable energy, keen 
eye and good judgment, and one who was always ready to purchase 
a specimen of unique beauty or interest even at a high price. It 
is a matter for congratulation that these collections are to be pre- 
served unbroken for all time for the benefit of science and the 

ublic. 

5. The Principles of Mechanics: an Elementary Exposition 
Sor Students in Physics ; by Freprrick Siatre, University of 
California. Part I. Pp. 299. New York, 1900 (The Macmillan 
Co.).— This book is intended for the use of students well 
grounded in experimental physics and the calculus. In connec- 
tion with the analytical development much emphasis is laid on 
the fundamental notions of the science, which are broadly and 
philosophically presented, though with a degree of abstractness 
which would render it difficult for the beginner to grasp them 
firmly. A greater proportion of concrete exercises involving 
numerical computation would be desirable. W. B. 


Knowledge Diary and Scientific Hand-book for 1901. Pp. 120. London, 1900 
(Knowledge Office, 326 High Holborn). The introduction to this volume con- 
tains an historic summary of the advance of science in the 19th century; astro- 
nomical notes and tables, with an account of the astronomical phenomena of the 
year; twelve star maps, showing the night sky for every month in the year, 
with full descriptive account of the visible constellations and principal stars; a 
calendar of notable events; photograph and detailed description of the gigantic 
telescope exhibited at the Exposition Universelle in Paris, with a table of princi- 
pal observatories of the world and monthly astronomical ephemeris. 
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LAZARD CAHN 


DEALER IN 


CHOICE SPECIMENS OF MINERALS, 


148 East 21st Street (Gramercy Park), New York. 


A Few Words about New and Old Occurrences 
of Minerals in Utah. 


In the January number of this Monthly, a bare allusion was made to the Mixites 
and Realgars which have lately been added to our stock. 

The MIXITES surpass in color and other qualities the specimens of this 
mineral heretofore obtainable, and the crystals cover the matrix sufficiently 
densely and uniformly to render the color effect gratifying to the eye. Despite 
their superiority and the fact that there are but a score of them on hand, they are 
priced relatively lower than were the less attractive ones formerly. 

In the brilliancy and transparency of the crystals, the REALGARS hold their 
own with those of any other locality, and when compared with the familiar orpi- 
ments from the same camp they are vastly better, although unfortunately far less 
abundant. 

Collecting in the Tintic District has probably seen its best days, the present 
methods of ore-handling having greatly increased the difficulty of obtaining the 
copper arsenates and associated minerals in desirable condition. 

We take pleasure in calling attention to the following species, secured some 
years ago in good specimens, which are now offered for sale at very alluring 
prices. 


Red Olivenite. White Olivenite. Green Olivenite. Enargite. 
Brochantite. Clinoclasite. Conichalcite. Anglesite. 
Malachite. Pharmacosiderite. Scorodite. Utahite. 
Pearceite. Tyrolite. Erinite. Jarosite. 
Zeunerite. Mimetite (free from phosphorus). 


From other parts of Utah we have the following: 

Tiemannite, fine tetrahedral crystals, Marysvale. 

Martite, groups of large octahedral crystals, Twin Peaks. 

Topaz, crystals loose and on the matrix, brown and colorless, highly modified 
and possessing great brilliancy; prices very low. 

Muscovite sections exhibiting lines of growth, Brigham. 

Bixbyite in cubic crystals on topaz, from the Dugway Range. 


RARE SPECIES FROM NEW ENGLAND. 


Hamlinite, Herderite, Beryllonite, Tourmalline of gem quality, Mangano- 
Columbite, Pyrrhotite, Triphylite, Pollucite, Chrysoberyl, Eosphorite, Triploidite, 
Dickinsonite, Reddingite, Lithiophilite, Hureaulite, Natrophilite, Eucryptite, Wol- 
framite ps. after Scheelite. 


P 


PLATINUM WARE. 


Platinum Still (Faure-Kessler type) for Concentrating Sulphuric Acid. 
We manufacture all forms and sizes of platinum ware for chemical and laboratory 


purposes, and are —— to repair platinum apparatus, crucibles, 
ishes, etc., at shortest notice. 


NEWARK, N. J. N. ¥. OFFICE, 120 LIBERTY ST. 
Send for seventh edition of pamphlet, ** Data Concerning Platinum, etc.” 
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